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INTRODUCTION 
Orchardgrass fPactvlis alomerata L.) is a cool season, 
perennial, bunch grass that is widely used for pasture, hay, 
and silage in most temperate regions of the world. Dry-
matter digestibility is an important component of orchard-
grass forage quality because it is closely associated with 
nutritive value and voluntary intake by livestock. Research 
by many workers has shown that orchardgrass is lower in dry-
matter digestibility than other cool-season perennial grasses 
at comparable growth stages. Results from other grasses have 
shown that small improvements in dry-matter digestibility can 
result in sizable increases in weight gains of cattle grazing 
the improved cultivars. Several studies have been conducted 
on breeding for improved dry-matter digestibility in orchard-
grass; however, no improved cultivars have resulted from 
direct selection for this trait. 
Several methods have been developed for estimating dry-
matter digestibility of small forage samples. The two-stage 
technique developed by Tilley and Terry (1963) and slight 
modifications of it have been used widely by forage breeders 
in attempts to improve dry-matter digestibility. This test-
tube technique involves digestion of a quarter or half gram 
sample of finely ground forage in rumen fluid for 48 hours 
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followed by digestion in acid pepsin for 24 or 48 hours. 
This in vitro technique is reliable and applicable because; 
1) it is highly correlated with in vivo digestibility, 2) 
the procedure needs only a small sample of forage, and 3) 
it can be used to evaluate a relatively large number of 
samples simultaneously in the laboratory. 
Effective selection and breeding for digestibility 
involves a knowledge of genetic variability and the nature of 
inheritance of this trait. Several workers reported that 
significant genetic variability exists for in vitro dry-
matter digestibility (IVDMD) in orchardgrass. A broad-sense 
heritability estimate of 0.73 (Christie and Mowat, 1968) and 
a narrow-sense heritability of 0.53 (Cooper et al., 1962) 
were reported for IVDMD in orchardgrass. Such data suggest 
that IVDMD of this species is under genetic control and that 
improvement should be possible by selection and breeding. 
Forage breeders usually make their selections among 
spaced plants grown in the field. However, differences among 
orchardgrass genotypes in dry-matter digestibility in the 
field are frequently confounded with differences in disease 
incidence. Greenhouse screening of individual plants for in 
vitro dry-matter digestibility would permit selection under 
more controlled conditions than in the field. Greenhouse 
selection also can speed up the breeding work and make it 
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easier to work with the plants. 
An important concern of forage breeders selecting for 
quality is the magnitude of correlated responses to selection 
for dry-matter digestibility. Correlated responses can be 
detrimental or useful. If they are detrimental, a breeding 
system must be devised to avoid undesirable changes in 
correlated traits. If they are useful, correlated traits 
could be used as selection criteria when they are genetically 
correlated with the primary trait. 
The objectives of this research were: 1) to determine 
field responses to individual plant selection for high and 
low in vitro dry matter digestibility (IVDMD) in the green­
house, 2) to determine responses to further selection among 
high and low IVDMD clones in the field, and 3) to determine 
correlated responses in dry-matter yield, heading date, 
panicle number, plant height, leaf disease incidence, and 
leaf length and width to selection for high and low IVDMD. 
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LITERATURE REVIEW 
Selection for Dry-matter Digestibility 
Many forage breeders are now placing more emphasis on 
quality components. Techniques are available that are 
applicable for screening large numbers of plants. Slight 
modifications of the in vitro dry-matter digestibility 
(IVDMD) technique developed by Tilley and Terry (1963) have 
become firmly established methods of analyzing forage samples 
for estimates of digestibility and animal performance 
(Barnes, 1973). Several authors have shown a close relation­
ship between IVDMD and in vivo digestibility; correlations 
were usually above 0.90 and ranged up to 0.99 (Barnes, 1966; 
McLeod and Minson, 1974; Tilley et al., 1960). 
Effectiveness of selection depends on the presence of 
heritable variation for the trait under consideration. 
Cooper et al. (1962) evaluated 35 individual orchardgrass 
genotypes and their families from the cultivars Brage, S.37, 
S.143, and S.341. Considerable variation in the percentage 
digestibility of dry matter was found among the individual 
genotypes and their families. The digestibility of in­
dividual genotypes ranged from 53 to 68%. Heritability 
estimates derived from parent-progeny correlations were 0.52 
and 0.53 for the first and second harvests, respectively. 
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From these results, it was concluded that half of the vari­
ability in IVDMD between the families was of genetic origin, 
suggesting that this variability could be utilized by 
breeders to improve the digestibility of orchardgrass. It 
was also suggested that even small improvements in overall 
digestibility within a herbage species would be of practical 
value because of the effects of such improvements on animal 
production. 
Mowat et al. (1965b) studied IVDMD of two orchardgrass 
cultivars, Frode and Ottawa 100, which represent a range of 
maturity types grown under Ontario conditions. They found 
wide differences in IVDMD of leaf and stem fractions in both 
cultivars at more advanced stages of growth. Ottawa 100 was 
more digestible than Frode in both leaf and stem fractions. 
The authors concluded that, if orchardgrass is not harvested 
until a more advanced stage of maturity, there would appear 
to be ample scope for improvement in IVDMD by selection. In 
another study, Mowat et al. (1965a) evaluated the IVDMD of 
stem and total leaf fractions of four orchardgrass clones. 
At the preheading stage, differences in IVDMD between stems 
and living leaves were not great; however, at advanced stage 
of maturity, large differences occurred between these 
fractions and among clones for stem IVDMD and comparatively 
small differences occurred in leaf IVDMD. It was further 
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noted that both early maturing clones were significantly more 
digestible than either of the late maturing clones at the 
vegetative and heading stages. Julen and Lager (1966) 
reported significant variation for IVDMD among 170 
orchardgrass clones. Christie and Mowat (1968) examined 444 
orchardgrass clones from seven different genetic sources to 
determine genetic variability in IVDMD of whole plants. The 
IVDMD values ranged from 49 to 68%. Differences among 
genetic sources and among clones within sources were sig­
nificant. The genotypic variance among clones for IVDMD was 
73.5%. The authors concluded that this high genetic variance 
is an indicator of ample opportunity for effective selection 
to improve IVDMD of this species. This study was the first 
step to initiate a breeding program to develop cultivars with 
higher digestibility. After Christie and Mowats' work, 
Knight and Yates (1968) were stimulated to study the IVDMD of 
nine parents, seven of Mediterranean and two of European 
origin, and their hybrids. Significant differences in IVDMD 
in both sources were found. Further, it was noted that, 
within a harvest, correlations between general combining 
ability and parental performance were positive and 
significant but little uniformity in ranking of parents and 
their progenies from one harvest to the next was observed. 
From these results, it was concluded that under their 
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environments it will be difficult to select for higher IVDMD 
because of the fluctuations between seasons. 
Helsel (1973) determined the performance of 61 orchard-
grass clones selected from a broad-based germplasm. Varia­
tion among clones in IVDMD was observed. Clones were 
identified that were consistently higher in IVDMD than the 
better parental clones of the recommended cultivars 'Pen-
nmead• and 'Pennlate'. The author recommended that recurrent 
selection would be appropriate to improve IVDMD of orchard-
grass. Carlson (1974) studied different strains of orchard-
grass for IVDMD. He found significant differences among 
strains for IVDMD in many instances. Mason (1975) 
investigated the potential of breeding for higher diges­
tibility by using the in vitro procedure in orchardgrass. 
The progenies of twenty seven parent clones from seven 
synthetics were evaluated in a space-planted nursery. Over 
two years of data, the variance estimates were significant 
among synthetics and their progenies. However, some effects 
of maturity on IVDMD were noted at the first harvest of 
synthetics. The differences among synthetics were lost when 
first harvest IVDMD was adjusted for maturity effects; 
however, differences were found among synthetics at the 
second harvest and among progenies at both harvests. In the 
first harvest, the heritability estimate was zero when IVDMD 
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was adjusted for maturity effects; however, in the second 
harvest, the heritability estimate was 0.46. Christie (1977) 
was the first investigator who tried to improve IVDMD of 
orchardgrass by phenotypic selection. From 444 plants 
evaluated, ten were selected for high IVDMD (62 to 66%) and 
six for low IVDMD (50 to 58%). Each group of selections was 
established in a separate polycross nursery to produce seed 
for progeny tests. Progenies of high and low IVDMD clones 
averaged respectively 68.9 and 68.5% IVDMD indicating little 
or no progress from selection. Differences among progenies 
of low, but not the high IVDMD parents, were significant. 
The author concluded that a progeny test would be needed to 
select parents for higher IVDMD. 
Stratton et al. (1979) studied the genetic variability 
and heritability of IVDMD in orchardgrass. Fourteen selected 
parents and their open-pollination progenies were evaluated. 
Parents and progenies differed significantly for IVDMD. In 
addition, relatively high narrow-sense heritability values, 
ranging from 49 to 91, were obtained, suggesting that im­
provement of IVDMD in the populations may be possible through 
breeding. Shenk and Westerhaus (1982) conducted a study of 
IVDMD with 101 late and 130 medium maturing orchardgrass 
plants selected from over 10,000 genotypes. Polycross 
progenies of these selections were evaluated for IVDMD and 
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other traits. Five percent of progenies of late maturing 
selections and 3% of progenies of medium maturing selections 
were significantly higher than the population mean in IVDMD. 
Narrow-sense heritability estimates for IVDMD were low to 
medium ranging from 0.20 to 0.58. 
Frandsen and Fritsen (1982) investigated the genetic 
variation and inheritance of IVDMD in orchardgrass. Fifty 
clones were studied at different maturity stages for two 
years. The range of variation in IVDMD was 73.9 to 82.0% in 
1972 and 72.9 to 80.4% in 1973. These ranges and a broad-
sense heritability of 0.68 over maturity stages and years 
suggested that it should be possible to improve digestibility 
by selection. In another study, Frandsen (1986) investigated 
the variability and heritability of IVDMD in F1 families 
derived from crosses between parental clones selected for 
high and low IVDMD in previous studies. Differences among 
families in IVDMD were highly significant in all instances. 
Narrow-sense heritability obtained from a regression of F1 
progeny on parents was 0.66. 
Considerable effort has been placed on improving the 
digestibility of bromegrass (Bromus inermis Leyss.). 
Christie and Mowat (1968) determined digestibility of leaves, 
stems, and vegetative tillers of bromegrass. Differences 
among genotypes were significant for digestibility of plant 
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fractions and the whole plant. Whole plant values were 
calculated from the weighted sum of the IVDMD of its 
fractions. The digestibility values were 73.1, 66.9, 69.4, 
and 68.9% for leaves, stems, vegetative tillers, and whole 
plants, respectively. The authors concluded that ample 
opportunity exists for selection to improve digestibility in 
bromegrass. Christie (1977) also evaluated 27 topcross 
progenies from previously selected high, medium, and low 
IVDMD clones. Topcross progenies of the high IVDMD clones 
were significantly higher in stem IVDMD than those of low 
IVDMD clones; however, progenies of the medium group did not 
differ significantly from either of the other two groups. 
These results suggested to the author that a progeny test is 
needed to select parents that have the potential of higher 
digestibility. Collins and Drolsom (1982) evaluated dif­
ferences in digestibility among smooth bromegrass clones from 
a nursery established near Madison, Wisconsin. Thirty-five 
clones, 18 selected for high and 17 selected for low IVDMD, 
were studied. A range was found of 54.9 to 66.5% IVDMD. 
High IVDMD clones averaged 63.2% IVDMD compared with 59.6% 
for low IVDMD clones. Casier and Ehlke (1986) determined 
response to divergent selection for IVDMD in smooth brome­
grass. Two synthetics, one selected for high (B8HD) and 
another for low (B8LD) IVDMD, were developed from the B8 
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parent population. The authors reported significant direct 
selection responses in IVDMD at most dates of determination. 
Burton et al. (1967) obtained significant response to 
selection for dry-matter digestibility in bermudagrass 
(Cvnodon dactvlon L.). Chapman et al. (1971) used the 
bermudagrass cultivar bred for increased digestibility by 
Burton et al. (1967) in feeding trials with steers. They 
found that increasing the digestibility of bermudagrass by 
only 12% increased the average daily gains of animals 
consuming it by 30%. 
Vogel et al. (1981) evaluated the effectiveness of 
phenotypic selection to improve IVDMD of switchgrass fPanicum 
viraatum L.). About 800 plants were sampled from two 
Nebraska strains. From these 800 plants, 25 were selected 
for high IVDMD and 25 for low IVDMD. The ramets of each 
selected group were transferred to isolated polycross (PC) 
nurseries for seed production. In addition, the 25 high and 
25 low IVDMD clones also were allowed to open-pollinate in 
the original source nursery to produce two open-pollinated 
(OP) populations. These four derived populations; high IVDMD 
PC, high IVDMD OP, low IVDMD PC, and low IVDMD OP, were 
evaluated. The high IVDMD PC had significantly higher IVDMD 
values than the other three populations. 
12 
Karn and Berdahl (1984) evaluated intermediate wheat-
grass clones for phenotypic and nutritional quality traits. 
Eight and 25 clones were analyzed for nutritional quality in 
1980 and 1981, respectively. The authors reported signifi-
ficant differences among clones in IVDMD in both years. It 
was suggested that consistent differences in IVDMD among 
clones were of sufficient magnitude (ranged from 52.4 to 
64.4% in 1980 and 50.0 to 60.8% in 1981) to warrant breeding 
and selection efforts to improve nutritional quality of 
intermediate wheatgrass. 
Association of IVDMD with Chemical and Anatomical Traits 
It appears that selection for IVDMD has been generally 
effective. The question remains, however, as to what 
anatomical or chemical components are involved in diges­
tibility differences. Genetic variation in forage diges­
tibility might arise from variation in lignocellulose 
content, or from qualitative characteristics of less diges­
tible structural carbohydrates, or a higher percentage of 
non-structural carbohydrates. 
Cell solubles are readily digested and, thus, most 
variation in digestibility and voluntary intake of herbage by 
ruminants is caused by differences in cell-wall concentration 
(CWC) and composition. Cell-walls are composed primarily of 
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cellulose microfibrils embedded in a hemicellulose and lignin 
matrix. Lignin, which is covalently bonded to hemicellulose 
in the matrix, exerts the greatest control over cell wall 
chemical constituents and digestibility of cellulose and 
hemicellulose (Jung, 1989). Variation in IVDMD can occur 
from differences in both concentration of neutral-detergent 
fiber (NDF) and cell-wall components (Buxton, 1989a). 
Armstrong et al. (1950) compared the lignin content of 
orchardgrass with that of perennial ryegrass and tall fescue. 
When these grasses were compared at the same stage of growth, 
the authors found that orchardgrass was generally higher in 
lignin than the other two grasses. 
Plummer (1953) also found that the low digestibility of 
orchardgrass was associated with high lignin (5.35%) in dry-
matter. In comparison, timothy had 4.27% lignin and peren­
nial ryegrass had 3.34%. The cellulose and lignin fractions 
when combined were 41.06% for orchardgrass, 31.42% for 
perennial ryegrass, and 31.8% for timothy. Latar orchard-
grass was the first improved forage grass cultivar released 
on the basis of low lignin and high dry-matter digestibility. 
It was found that the high digestibility of Latar was 
associated with low lignin content (Schwendiman et al., 
1961). Mason (1975) found a significant positive relation­
ship between IVDMD and protein for 27 progenies of or-
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chardgrass indicating that selection for IVDMD would increase 
protein content of the herbage. 
Stratton et al. (1979) examined the interrelationships 
of IVDMD and fiber content in orchardgrass. Fourteen 
selected parents and their open-pollinated progenies were 
analyzed for IVDMD, ADF, and NDF at each of three harvest 
dates in 1976 & 1977. Parents differed significantly for all 
quality traits. It was noted that IVDMD was negatively 
correlated with ADF and NDF at the first harvest but the 
r-values were low. These correlations were higher at two 
other harvest dates. These results suggest that ADF and NDF 
would be reduced by selection for IVDMD. 
Buxton (1989b) reported differences in NDF concentra­
tions in total herbage and stems between Napier and Orion 
orchardgrass. The larger hemicellulose-to-cellulose ratio in 
Orion was reported to be a contributing factor to its lower 
CW digestibility compared with Napier. These results 
suggested that it should be possible to breed for lower CW-
lignin concentration and associated higher CW digestibility. 
Frandsen and Fritsen (1982) compared the digestibility, 
ADF, NDF, and detergent lignin (DL) of perennial ryegrass, 
meadow fescue, and orchardgrass. Perennial ryegrass showed 
the highest average digestibility and orchardgrass the lowest 
digestibility. The authors found that the low digestibility 
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of orchardgrass was due to higher values for ADF, NDF, and 
DL. This suggests that when selecting for higher diges­
tibility, cell-wall components such as ADF, NDF, and DL are 
reduced. 
Bhat and Christie (1975) analyzed 10 high IVDMD and 9 
low IVDMD bromegrass genotypes for acid detergent fiber, 
lignin, cellulose, silica, total cell-wall constituents 
(TCWC). The authors reported that all cell wall components 
showed significant negative phenotypic correlations with 
IVDMD, but lignin had the highest phenotypic correlation 
coefficient (r = -0.88) followed by ADF (r = -0.59). Higher 
IVDMD values were associated with a significant decrease in 
ADF, lignin, cellulose, and TCWC. 
Collins and Drolsom (1982) selected thirty five smooth 
bromegrass clones, 18 for high and 17 for low IVDMD. These 
selected clones were analyzed for in vitro cell wall dis­
appearance (IVCWD), NDF, ADF, cellulose, hemicellulose, and 
lignin to determine their chemical composition. It was found 
that NDF in high IVDMD clones was reduced significantly 
compared with low IVDMD clones. This suggests that selection 
for high IVDMD reduces NDF. Ehlke et al. (1986) reported 
correlated responses for acid-detergent lignin (ADL) when 
selecting for IVDMD in smooth bromegrass. The authors found 
that lignin is the most important chemical factor limiting 
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IVDMD. 
Casier (1987) determined cell-wall constituents in 9 
high and 9 low IVDMD clones of smooth bromegrass. It was 
reported that selection for divergent IVDMD resulted in 
similar changes in the in vitro digestibility (IVD) of NDF, 
ADF, cellulose, and hemicellulose; differences' between groups 
of high and low IVDMD clones ranged from 37 to 42 g kg~^ for 
IVD of cell-wall constituents. Their correlation studies 
demonstrated that all constituent concentrations, except thai 
for hemicellulose, were highly correlated with IVDMD; ADL had 
the highest correlation coefficient, as reported in another 
population of smooth bromegrass genotypes (Casier and Ehlke, 
1986). In vitro digestibility of individual constituents, 
except that for ADL, were also highly correlated with IVDMD. 
The authors suggested that lignin concentration is the factor 
most limiting to IVDMD followed by cellulose concentration, 
which is at least twice as important in limiting IVDMD as 
hemicellulose concentration (Casier and Ehlke, 1986). From 
path analysis, Casier (1986) estimated direct and indirect 
effects of several forage constituents on IVDMD and forage 
yield of smooth bromegrass. Five independent variables 
comprised the path analysis model: crude protein, cellulose, 
hemicel- lulose, lignin, and ash. It was found that none of 
the variables directly or indirectly affected forage yield 
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but lignin and cellulose concentrations had overwhelmingly 
the largest direct effects on IVDMD. 
Casier and Carpenter (1989) determined morphological and 
chemical changes associated with divergent selection for 
IVDMD in smooth bromegrass. Cell-wall composition and IVDMD 
were evaluated for selected high and low IVDMD parents and 
their progenies. The authors reported that whole plant 
variation for IVDMD was due mainly to differences in stem 
IVDMD. Increased IVDMD was associated with reduced lignin 
and cellulose, increased hemicellulose content, and reduced 
overall cell-wall content. Increased leaf IVDMD was due 
mainly to similar causes, but without reduced cell-wall 
content. These results provided further evidence that IVDMD 
can be improved by genetic modification of cell-wall composi­
tion without reducing cell-wall content. 
Of the structural components present in forage tissue, 
ADF and lignin are generally the most highly negatively 
correlated with forage digestibility (Rohweder et al., 1978, 
Van Soest and Moore, 1965). Collins and Drolsom (1982) found 
a high negative correlation between IVDMD and ADF concentra­
tion in high IVDMD clones. This confirms the work of others, 
Oh et al., 1966, and Rohweder et al., 1978). 
Vogel et al. (1984) determined plant constituents that 
had been altered by one cycle of divergent selection for 
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IVDMD in switchgrass. Five switchgrass strains differing in 
IVDMD were analyzed for content of protein, ADF, NDF, ash, 
and lignin. There were small significant differences among 
strains for NDF in two of three years. It was found that the 
strain with the highest IVDMD had the lowest NDF, suggesting 
that, in part, the improved IVDMD was due to a decrease in 
the cell wall component of the harvested forage. 
Twidwell et al. (1988) studied three cultivars of 
switchgrass, Cave-In-Rock, Pathfinder, and Trailblazer. The 
authors reported that the cultivar Cave-In-Rock had 
significantly higher IVDMD and lower ADF and cellulose con­
centrations than the other two cultivars. Shenk and Elliot 
(1970) found that parents selected for high digestibility in 
alfalfa produced progenies which were higher in leaf content 
and lower in NDF content. Correlations of ADF and NDF with 
digestibility were highly negative. 
Besides cell-wall constituents, tissue types have been 
related to digestibility of the herbage. Ehlke and Casier 
(1985) evaluated eighteen clones of smooth bromegrass 
selected for high and low IVDMD to determine genetic varia­
tion for anatomical and chemical components and their 
relationship with IVDMD. It was reported that high IVDMD 
clones had a significantly greater percentage of the most 
readily digestible tissue types (stem chlorenchyma and leaf 
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mesophyll), a significantly lower percentage of lignified 
leaf vascular tissue, and thicker stems than the low IVDMD 
clones. 
Relationships of Forage Quality with Physiological 
and Morphological Traits 
When selecting for higher quality, it is necessary to 
assess character relationships to prevent any undesirable 
combination of morphological and quality factors and to 
identify other plant characters that might serve as aids to 
selection. Thomson and Rogers (1971) noted that plant 
breeders must look at quality components and their inter­
relationships to obtain improvement in forage cultivars. 
Helsel (1973) found positive relationships of leaf blade 
width and length with IVDMD in orchardgrass but correlations 
were not high enough to warrant their use as selection aids. 
Sleper and Drolsom (1974) reported highly positive 
genetic correlations between digestibility and leaf width in 
bromegrass. The authors suggested that breeders might select 
highly digestible plants on the basis of increased leaf 
width. 
Concern has been expressed by Gil et al. (1967) and 
others that development of cultivars high in nutritive value 
may reduce yields. If this conclusion is drawn from the 
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statistical evidence, the opposite situation must be con­
sidered. cultivars developed solely for higher yield may, as 
a consequence, have lower digestibility. Neither of these 
alternatives would be acceptable by the breeders. Carlson 
(1974) reported a negative correlation between IVDMD and 
forage yield in orchardgrass and reed canarygrass. Mason and 
Shenk (1976) also found a negative association between IVDMD 
and yield in orchardgrass. 
Davies (1976) and Ross et al. (1975) found that tiller 
weight and IVDMD were not closely associated with each other 
in orchardgrass and big bluestem (Andropoqon aerardii 
Vitman.), respectively. The lack of a strong linear rela­
tionship of IVDMD with tiller weight or yield suggested that 
increased IVDMD need not be associated with reduced forage 
yield if an appropriate selection system is devised. 
Stratton et al. (1979) examined the relationship between 
IVDMD and yield in orchardgrass. Three harvests in each of 
two years were analyzed. It was found that correlations were 
low for first harvests but significant and highly negative (r 
= -0.73 to -0.84) for regrowths in both years. 
Carlson et al. (1969) reported that correlations of 
IVDMD with yield and percentage of dry matter in reed 
canarygrass were low and not significant. Ehlke et al. 
(1983) reported unchanged forage yield with improved IVDMD 
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resulting from one cycle of phenotypic selection for IVDMD 
alone in smooth bromegrass. Casier and Ehlke (1986) reported 
no correlated responses in forage yield when selecting for 
IVDMD in bromegrass. Burton et al. (1967) also found no 
correlation between IVDMD and yield in bermudagrass. Coulman 
and Knowles (1974) studied the relationship between IVDMD and 
yield in crested wheatgrass. It was found that IVDMD rating 
of crested wheatgrass plants showed little or no relation to 
yield. The authors concluded that IVDMD could be improved 
without a marked effect on yield. Vogel et al. (1981) did 
not find any loss in yield with improvement in IVDMD of 
switchgrass by one cycle of phenotypic selection. Karn and 
Berdahl (1984) reported low and variable correlations between 
yield and quality over two years of studies in crested 
wheatgrass. Christensen et al. (1984) found small but 
negative correlations between yield and digestibility in reed 
canarygrass and suggested that forage quality can be improved 
without serious loss in the yield. 
A low negative association was found between dry-matter 
yield and digestibility in alfalfa by Shenk and Elliot 
(1970). It was also found that some 'Vernal* progeny, 
developed from clones with high 6-hour dry-matter disap­
pearance values, were higher in yield than corresponding low 
populations. The authors suggested that yield need not be 
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sacrificed for higher quality. 
Thus, the relationship between IVDMD and yield has been 
inconsistent. Therefore, progress in breeding for both 
improved yield and quality in orchardgrass is dependent upon 
the identification of outstanding selections that have 
genetic potential for both high yield and quality. Shenk and 
Westerhaus (1982) succeeded in identifying approximately 3% 
of orchardgrass progenies that had both superior yield and 
quality traits. The authors* work suggested that a selection 
index would be appropriate in selecting for a combination of 
these traits. 
Any condition reducing the leaf stem ratio, increasing 
fiber concentration, or reducing the protein or carotene 
concentration can be expected to lower feeding value. 
Carlson (1974) found negative correlations of IVDMD with leaf 
disease. The highest correlation (r=-0.84) was noted when 
rust was the predominant disease on orchardgrass plants. 
Mason (1975) found that among seven orchardgrass synthetics, 
the one with the highest IVDMD had the lowest disease 
incidence whereas the one with the lowest IVDMD had the most 
disease. The author's results indicated a negative correla­
tion between disease and IVDMD. Miller (1975) evaluated the 
effects of rust on IVDMD of orchardgrass. Two cycles of 
recurrent phenotypic selection were conducted in Sterling for 
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rust resistance. The selected rust resistant population (C2-
P) was compared with Sterling and three mixtures of the two 
strains. It was found that the higher IVDMD of C2-P than 
Sterling and mixtures when rust was present, was due to its 
rust resistance. Further, it was noted that as the 
proportion of C2-P in the mixtures increased, the rust build­
up decreased; and, consequently, IVDMD increased. This study 
indicated that rust decreases the IVDMD of the forage. 
Davies and Williams (1970) related the levels of infection to 
quality and yield and reported that mildew and leaf blotch 
reduced both yield and quality in Italian ryegrass (Lolium 
multiflorum L.). Smith and Maxwell (1971) evaluated the 
effects of bean yellow virus on in vitro digestibility of two 
red clover cultivars. The authors found that virus infection 
had no effect on dry-matter digestibility. 
In vitro dry-matter digestibility was shown to be 
negatively correlated with disease incidence in bromegrass by 
Gross et al. (1975). It was also reported a direct 
association of increased diseased leaf area with decreased 
IVDMD. Further, the authors noted that a low level of 
infection did not affect digestibility suggesting that a 
medium level of resistance in bromegrass should be sufficient 
in pastures. Leath et al. (1979) compared alfalfa leaves 
that were either disease-free or moderately infected with 
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Phoma medicaainis Malbr. & Roum. It was found that diseased 
leaves had less IVDMD, crude protein, and nonstructural 
carbohydrates; more ADF, NDF, lignin, and cellulose; less 
palatability to adult meadow voles; and less digestibility 
for weanling meadow voles. In Minnesota, Marten and 
Wilcoxsen (1974) reported that alfalfa plants inoculated with 
Phoma medicaainis Malbr. & Roum. 3 weeks before harvest 
produced forage that contained significantly less IVDMD and 
more ADF and NDF than did disease free forage. The authors 
suggested that these changes were attributed partly to 
reduced quality of infected leaves and partly to reduced leaf 
percentage of infected forage. 
Plant height is a major component of forage yield. 
Since some studies showed that yield and digestibility were 
negatively correlated, selection for increased plant height 
may increase yield but may reduce forage quality. Helsel 
(1973) studied relationships among morphological characters 
and quality traits in orchardgrass. The author reported a 
significant negative correlation (r = -0.40) between clone 
height and IVDMD. A negative association between plant 
height and digestibility was found by Ross et al. (1970) in 
smooth bromegrass, by Mason (1975) in orchardgrass, and by 
Christensen et al. (1984) in reed canarygrass. The authors 
suggested that care should be taken when selecting for IVDMD 
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so that plant height is not significantly reduced, which in 
turn would probably reduce yield of dry matter. Sleper and 
Drolsom (1974) reported a low but significant negative 
correlation (r = -0.31) between plant height and IVDMD in 
1971 and a non-significant correlation (r = -0.08) in 1972. 
Coulman and Knowles (1974) did not find any relationship 
between IVDMD and plant height in crested wheatgrass and 
concluded that selection for higher IVDMD may not markedly 
reduce plant height. Karn and Berdahl (1984) found different 
results from Coulman and Knowles in their studies with inter­
mediate wheatgrass. Correlation coefficients of -0.70 and 
-0.69 were found between plant height and IVDMD in 1980 and 
1981, respectively. The association between short stature 
and high IVDMD suggests that selection for short stature, a 
highly heritable and easily measurable trait would result in 
increased IVDMD. 
The relationship of IVDMD with heading date must be 
considered because relative maturity frequently influences 
quality characteristics. As a herbage plant matures it 
becomes more fibrous and less rich in digestible components. 
As fiber content rises its digestibility decreases, so that 
the total content of digestible material (digestible fiber 
plus pepsin-digestible material) decreases. Dent and Aldrich 
(1963) studied the relationship between heading date and 
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digestibility in 70 cultivars of four species; perennial 
ryegrass, timothy, orchardgrass, and meadow fescue. The 
authors reported marked differences in digestibility of hay 
among species and among cultivars within species. Although 
the hay cuts were all taken at the same growth stage, there 
was a definite relationship between date of heading and 
digestibility of the hay regardless of species. Late heading 
was correlated with low digestibility. Terry and Tilley 
(1964) determined the IVDMD of leaf blades, leaf sheaths, and 
stem fractions in perennial ryegrass, orchardgrass, timothy, 
tall fescue, lucerne, and sainfoin. A general decline in 
digestibility of all plant fractions was found as the stage 
of growth advanced. In orchardgrass herbage, there was 0.5% 
decrease in digestibility per day past ear emergence. 
Numerous other workers have also reported declines in IVDMD 
of orchardgrass herbage as the plants matured (Minson et al., 
1964; Mowat et al., 1965a; Murdock and Hodgson, 1961; 
Pritchard et al., 1963). Reid et al. (1959), however, 
reported a smaller effect of maturity on digestibility of 
regrowth forage. 
Gosta and Lager (1966) determined the feasibility of the 
IVDMD procedure with orchardgrass. Orchardgrass plants were 
sampled at five different stages of maturity. Highest 
digestibility was observed at heading. Plants heading late 
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were observed to have lower digestibility than early heading 
plants when harvested at the same stage of growth. Julen and 
Lager (1966) reported a low correlation between earliness and 
digestibility in orchardgrass and concluded that lateness 
does not constitute a serious obstacle to selection for high 
digestibility. 
Christie and Mowat (1968) determined that digestibility 
declines with advance in date of anthesis in orchardgrass. A 
similar trend was reported for, bromegrass. The majority of 
bromegrass clones were harvested within a period of one week, 
although the earliest clones were harvested approximately two 
weeks before the latest ones. From two years of data, clones 
harvested on the earliest dates were higher in digestibility 
than those harvested on the latest dates. These results 
suggest that it would be more difficult to develop a late 
maturing cultivar as high in digestibility as an early 
maturing cultivar when both are harvested at the same stage 
of growth. Carlson (1974) obtained high positive correla­
tions between IVDMD and heading date when orchardgrass 
strains were harvested on same date. Late maturing strains 
with few seed heads were highest in IVDMD. 
Helsel (1973) harvested orchardgrass clones at specified 
dates and not according to the maturity of each clone. At 
any particular date, late maturing clones would be expected 
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to be higher in quality than early maturing clones. Conse­
quently, the amount of variation that was present among 
clones for IVDMD might have been due entirely to the har­
vesting schedule used. The covariance analysis clarified 
this relationship. It was found that variation among clones 
did not change from original analysis of variance upon 
adjustment of IVDMD for maturity. This suggests that clones 
could be chosen for desired maturity and favorable levels of 
quality. 
Frandsen and Fritsen (1982) examined fifty clones of 
each of the three forage grass species (perennial ryegrass, 
meadow fescue fFestuca pratensis Kurds.), and orchardgrass) 
for IVDMD and earliness. Significant, but rather low 
negative phenotypic correlations were found between IVDMD and 
earliness rating (rated from 0 = late heading to 10 = 
earliest heading), indicating that selection for high diges­
tibility is not necessarily precluded by the association of 
this trait with earliness. 
Bhat and Christie (1975) examined nineteen genotypes of 
bromegrass, 10 selected for high and 9 for low IVDMD. The 
authors found that IVDMD declined at the rate of one 
percentage unit per day from head emergence to headed stage 
and 0.5 percentage unit per day from headed stage to anthesis 
under field conditions. Acid detergent fiber, cellulose, and 
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cell wall components (CWC) increased from head emergence to 
headed stage, but these components declined at the time of 
anthesis. Lignin and silica increased with advancing maturi­
ty, while IVDMD declined. Associated changes in IVDMD during 
plant development indicated that the breeder could select for 
low levels of lignin, ADF, cellulose and CWC to achieve high 
IVDMD. 
Frandsen (1986) studied F1 and F2 families of perennial 
ryegrass, orchardgrass, and meadow fescue derived from 
crosses between parental clones selected for high and low 
digestibility. Simple correlations were calculated to 
determine the relationship between digestibility and 
earliness of ear emergence. It was reported that simple 
correlations have given an impression of pronounced 
significant negative correlations between earliness rating 
(rated from 0 = late heading to 10 = earliest heading) and 
digestibility, but this relationship was not so marked in 
orchardgrass and meadow fescue families. The author 
concluded that negative relationships were not of such a 
magnitude as to preclude the selection of plant types of 
different earliness or growth type with higher digestibility. 
McElroy and Christie (1986a) studied the effect of 
maturity on IVDMD of timothy clones originating from a single 
population grown in simulated sward conditions. Considerable 
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variation was found for rate of decline in IVDMD with 
advancing maturity, but this parameter was not associated 
with IVDMD at heading. Genotypes were identified that showed 
high IVDMD at heading and a 20% reduction in digestibility 
decline from heading to late anthesis. It was concluded that 
selection for a reduced rate of IVDMD decline; in addition to 
high digestibility at heading, might result in an increase of 
2-3 percentage units of IVDMD at anthesis. 
Panicle number is a major component of yield of orchard-
grass plants in the first growth each year. At the reproduc­
tive stage, plants with a large number of panicles are 
expected to have lower digestibility than plants with a lower 
number of panicles. This is because panicles and associated 
stems are lower in digestibility than leaf blades and sheaths 
(Mowat et al., 1965a). Helsel (1973) reported a negative 
association between stem number and IVDMD in 61 orchardgrass 
clones. Carlson (1974) reported highly significant negative 
correlations between panicle number and IVDMD in orchardgrass 
strains. 
Christensen et al. (1984) studied the relationship among 
morphological and digestibility characters in reed canary-
grass. The authors reported positive correlations of tiller 
number with digestibility in some environments. However, the 
correlations were low and they concluded that selecting for a 
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large number of tillers may increase yield but with little 
effect on digestibility. 
Stand Density and Forage Quality 
Forage breeders usually make their selections in space 
planted nurseries because identification of individual 
superior plants in solid stands is considered difficult and 
unreliable. A high correlation between IVDMD of spaced 
plants and densely grown plants is generally assumed. 
Mason (1975) investigated seven synthetics of orchardgrass at 
two densities, spaced plants and solid seeded plots. The 
IVDMD means of first and second harvests from spaced plants 
were higher than those from dense stands. Correlations 
between the two plant densities were generally very low. 
Frandsen (1986) compared F2 progenies from crosses among 
orchardgrass clones at two stand densities. Significant 
positive correlations ranging from 0.51 to 0.64 were obtained 
between digestibility estimates of progenies grown as spaced 
plants and drilled plots. Thomson and Rogers (1971) reported 
that spaced plants responded differently from the solid 
stands for IVDMD. 
The results of Kamstra et al. (1973) suggested a lack of 
correspondence between IVDMD results from spaced plants and 
field stands in bromegrass. Ugherughe et al. (1980) examined 
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the relationship between digestibility estimates of spaced 
and solid stands of smooth bromegrass. Whole plant IVDMD of 
30 genotypes was evaluated for over two years with three 
determinations each year. The authors reported highly 
significant positive correlations between IVDMD of spaced 
plants and solid stands for the first harvest but these 
correlations were inconsistent for the second and third 
harvests. It was concluded that smooth bromegrass 
digestibility estimates based on samples from spaced plants 
differentiate among genotypes as well or better than diges­
tibility estimates based on samples from solid stands. Since 
spaced plants offer a better working environment, particular­
ly during the early stages of selection, preliminary screen­
ing of spaced plants for forage quality was recommended. 
McElroy and Christie (1986b) studied the effect of 
nursery conditions on IVDMD of timothy fPhleum pratense L.). 
Fifteen genotypes of similar maturity were grown in a 
simulated-sward (100 plants m~^), as spaced plants (one plant 
m~^), and in the growth room for two years. Whole plant 
IVDMD was determined at early heading. The authors reported 
that IVDMD values were strongly influenced by growing condi­
tions. Correlations between genotype means of simulated 
sward and other conditions, although significant at the 5% 
level in some instances, were too low for predictive 
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purposes. Some genotypes tended to rank relatively high in 
all nurseries, but the relative performance of most genotypes 
was inconsistent. From their studies, it was concluded that 
the choice of nursery techniques for predicting sward 
performance of timothy genotypes is more critical than is 
generally assumed. 
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MATERIALS AND METHODS 
Genetic Material 
The broad-based germplasm source Iowa 79-OGP-DT was used 
as the base population for this research. This germplasm was 
selected in Iowa for medium to early maturity, leaf disease 
resistance, winterhardiness, and drought tolerance. In Iowa 
tests, it averages 4 to 5 days later in heading than Sterling 
and it ranks relatively high in winter survival, forage 
yield, disease resistance (especially to rust, Puccinia 
araminis Pers.), and IVDMD. 
Seedlings of 79-OGP-DT were started in a tray in the 
greenhouse in November, 1985. Four hundred seedlings were 
transplanted to 5-inch plastic pots, with one seedling per 
pot, in early December, 1985. The top growth of all plants 
was harvested twice at a cutting height of 5 cm on 16 January 
and 11 February 1986. The harvested forage consisted almost 
entirely of leaves. Only 325 plants produced sufficient 
forage for determination of IVDMD at both harvests. Con­
centration of IVDMD was determined by the two-stage, direct 
acidification method (Marten and Barnes, 1980). Based on 
IVDMD values averaged over harvests, 22 plants were selected 
for high IVDMD and 22 were selected for low IVDMD. Gridded 
mass selection was used with two plants being selected from 
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each of 11 groups of 6 x 6 plants on the greenhouse bench. 
Each of the 44 selections was divided into seven propagules; 
four were transplanted to the field in a clonal test and 
three were put in a growth chamber for floral induction and 
intercrossing in the greenhouse. 
Clonal Test of 44 Selections 
A clonal test of the 44 selections was planted on 20 May 
1986 in a Webster silty clay loam (Typic Haplaquoll) soil at 
the Agronomy and Agriculture Engineering Research Center, 13 
km west of Ames, Iowa. The experimental design was a ran­
domized complete block design with 4 replicates. Each plot 
consisted of a single plant. Plants were spaced on 46 cm 
centers. All plants were harvested at the vegetative stage 
on 10 July and 12 August 1986 for IVDMD and dry-matter yield 
determinations. The cutting height was 5 cm. After the 
second harvest in 1986 and on 9 April and 8 June 1987, the 
experiment was fertilized with nitrogen at rates of 45, 67, 
and 56 kg/ha, respectively, to stimulate good growth. The 
experiment was covered with soybean straw on 10 November 1986 
to protect the plants from winter injury. In 1987, only 
three replicates were harvested because half of each plant in 
the fourth replicate was dug up and moved to the greenhouse 
on 10 November 1986 for intercrossing. Harvest dates were 6 
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June and 7 July 1987. No determinations were made on one low 
IVDMD clone in 1987 because one plant did not survive the 
winter and another was very weak. In addition to IVDMD and 
dry-matter yield, data were collected on leaf disease 
incidence, heading date, leaf length and width, plant height, 
and panicle number. 
Methods of trait determination 
Leaf disease incidence: rated each plant on 12 September 
1986 on a scale of l=little or no disease to 5=heavily 
infected with mostly rust. An overall disease rating 
was made rather than a rating for a specific pathogen. 
Heading date: recorded as days after 30 April 1987 when 
panicles were out of the boot on a minimum of three 
tillers per plant. 
Leaf length and width: measured the first leaf below the 
flag leaf on three randomly selected tillers on each 
plant on 30 May 1987. Length was measured in cm from 
the ligule to the tip of leaf. Leaf width was measured 
in mm at 2.5 cm from the ligule. The same procedure was 
used on 6 July and 5 August except the first fully 
collared leaf on three tillers was measured because the 
plants were in the vegetative stage. 
Panicle number; counted tillers with panicles on each plant 
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on 2 June 1987. 
Plant height: was measured in cm from ground surface to tip 
of tallest panicle on each plant on 4 June 1987. 
Dry-matter yield: harvested each plant by hand at a cutting 
height of 5 cm, put the forage in a cloth bag, dried it 
at 60° C for 48 hours, and weighed the forage in grams. 
Determination of IVDMD 
The dried, harvested forage from each plot was ground 
through a Cyclone Mill with l-mm screen. The ground forage 
was thoroughly mixed and placed in a 65 ml bottle. The 
following procedure was used for determining IVDMD. 
1. After removing the caps from bottles containing forage, 
the bottles were placed in a forced-air oven at 60° C 
for 24 hours to remove additional moisture. 
2. The bottles of ground forage were allowed to cool to room 
temperature before weighing. The ground forage was 
mixed and 0.25 g samples in duplicate were weighed out 
with a analytical balance and put in 50 ml centrifuge 
tubes. Two tubes containing high and low quality 
alfalfa forages with known in vitro data and one blank 
tube containing just rumen fluid were added to each rack 
of 24 tubes. 
3. A steer fitted with a rumen fistula was fed a roughage or 
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high roughage (70-80%) diet daily and feed intake was 
limited to approximately 1 kg hay/100 kg of live weight. 
Attention was given to making the diet adequate in 
minerals and nitrogen whenever needed. 
4. Rumen fluid was collected from steer into a prewarmed 
insulated container. Care was taken that the tempera­
ture of rumen fluid did not drop below 39° C. Rumen 
contents were processed by squeezing the fluid through 
4 layers of cheesecloth. Whenever possible, the rumen 
fluid was exposed to COg by bubbling COg through the 
fluid to maintain anaerobic conditions in the fluid. 
5. Twelve and one half ml of buffer part A solution was added 
to each tube. The contents were gently mixed so as to 
saturate the substrate. Incubated the tubes at 39° C. 
Within 30 minutes of adding 12.5 ml buffer part A 
solution, 12.5 ml of part B solution (a mixture 
of buffer solution and rumen fluid) was added. The 
tubes were flushed with COg. Immediately after, the 
tubes were stoppered with rubber stoppers containing 
a bunsen valve. Then the tubes were gently swirled 
to disperse forage particles. The tubes were put in the 
incubator at 39° C. The tubes were swirled gently 2 
hours after the initiation of incubation and at 5:00 
p.m. and 8:00 a.m. from then on until completion of the 
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first stage. 
6. After 48 hours of fermentation, all samples were acidi­
fied by adding 1-ml of 6 N HCl to each tube, mixing, and 
adding 1-ml of pepsin solution (50 g pepsin powder/SOOml 
distilled water). Tubes were swirled two hours and five 
hours after adding acid-pepsin solution. After 24 hours 
of incubation in acid-pepsin solution, the samples were 
filtered through previously weighed Whatman No.54 filter 
papers. The filter papers containing the un-digested 
residue were dried over-night at 85° C in a air oven. 
7. After drying the undigested residue, the filter papers 
were put in a desiccator and allowed to cool at room 
temperature before weighing. Filter papers and residue 
were weighed and IVDMD was determined in the following 
way: 
IVDMD = (sample wt.)(sample DM%)-[Res.wt.-{[(filt.wt)(Filt 
DM%)] + Blank}]/(Sample wt)(Sample DM%). 
Formation of Derived Populations 
Each of the two groups of selected clones were inter­
crossed in isolation in the greenhouse during the winter of 
1986-87. The clones were brought into the greenhouse in 
early November, 1986, and they were induced to flower by 
maintaining the temperature as low as possible (10° to 15° C) 
40 
with a 10-hour photoperiod. On 15 December, the temperature 
and photoperiod were increased to 18° C and 15 hours, 
respectively, to promote flowering. For each group, five 
pots of each clone were arranged in a randomized complete 
block design for intercrossing. The two groups were kept in 
separate sections of the greenhouse. At the time of an-
thesis, fans were used to promote random pollination. 
Panicles were harvested when the seed was mature. The 
panicles from each pot were threshed separately and the seed 
was cleaned and weighed. A polycross seed lot for each clone 
was formed by bulking, as far as possible, an equal quantity 
of seed from each replicate. One low IVDMD selection did not 
produce any seed. The 43 seed lots were planted in trays in 
the greenhouse on 7 April 1987. In early May, 1987, 
seedlings were transplanted to 3 cm square peat pots with one 
seedling per pot. Four populations (High Cycle-1, High-5, 
Low Cycle-1, and Low-5) were formed by combining an equal 
number of polycross progeny plants from the respective 
parents of each population. High Cycle-1 was formed from 
progeny of the 22 plants selected for high IVDMD in the 
greenhouse. High-5 was formed from progeny of the five high 
Cycle-1 parents (clones 4, 9, 47, 355, & 385) that were 
highest in average IVDMD in the field in 1986. Similarly, 
Low Cycle-1 was formed from progeny of 21 of 22 plants 
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selected for low IVDMD in the greenhouse, and Low-5 was 
formed from progeny of the five low Cycle-1 parents (clones 
72, 95, 165, 288, & 391) that were consistently low in IVDMD 
in the field in 1986. Each population was formed by ran­
domizing the seedlings from the progenies involved before 
transplanting to the field. 
Test of Derived Populations 
The four derived populations and the base population 
were evaluated at two stand densities in a field experiment. 
The experiment was a split plot with stand densities as whole 
plots arranged in a randomized complete block design with 10 
replications. The five populations were assigned at random 
to subplots within each whole plot. The two stand densities 
were plant spacings of 15 and 46 cm. At the narrow spacing, 
the square plots consisted of 25 plants on 15-cm centers 
arranged in five rows each with five plants. Data were 
collected only on the nine interior plants. At the wide 
spacing, each plot consisted of two rows each with five 
plants on 46-cm centers. Data were collected on all 10 
plants. Subsequently, these two densities will be referred 
to as spaced plants and dense stands. 
The experiment was planted on 22 May 1987 with plants 
started in the greenhouse. Nitrogen fertilizer was applied 
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on 15 July 1987; and 30 March, 9 June, and 25 July 1988 at 
rates of 61; 156, 72, and 77 kg/ha, respectively, to promote 
growth. The experiment was harvested on 14 July, 12 August, 
and 1 September 1987; and 6 June, 14 July, and 4 October 1988 
for determination of IVDMD and dry-matter yield. The 6 June 
1988 harvest consisted of stemmy reproductive growth; the 
other harvests consisted of leafy vegetative growth. All 
plots were harvested by hand at a 10-cm cutting height. The 
harvested forage was placed in cloth bags and dried at 60° C 
for 48 hours before weighing. After the third harvest in 
1987, the experiment was covered with soybean straw to 
prevent winter injury. In 1988, IVDMD of each harvest, 
heading date in May, panicle number on 31 May, leaf length 
and width on 2 June and 3 October, and plant height on 6 June 
were determined in the same way as explained for the clonal 
test. Leaf length and width were determined on two instead 
of three randomly selected tillers per plant. Heading date 
and plant height were determined only on the spaced plants. 
Statistical Analyses 
Analyses of variance were computed for all field and 
laboratory determinations. The analyses for each experiment 
will be described separately. 
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Clonal test 
For this test, clones, dates of determination of a 
trait, and years were considered fixed sources of variation. 
The data from a single date of determination of a trait were 
analyzed according to the following model: 
= M + Rj^ + Cj + 
Where 
Xj^j = the observation in the ith replication 
on the jth clone, 
M = overall mean, 
= effect of the ith replication, i = 1,2,...,3, 
Cj = effect of the jth clone, j = 1,2,...,43, 
Eji^j = error term associated with the ij observation. 
The 42 degrees of freedom for clones were partitioned 
orthogonally into high vs. low, among high IVDMD selections, 
and among low IVDMD selections. 
The summary of the analysis of variance for this model 
is given in Table 1. For leaf length and width, the mean of 
three tillers was used in the analysis of variance. 
The error term, reps x clones interaction, was used to 
test clones and its orthogonally partitioned sources of 
variation: high vs. low, among high and among low IVDMD 
selections. Analyses of variance of data combined over dates 
of determinations of a trait within years were computed for 
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Table 1. Analysis of variance for each trait in the clonal 
test 
Source of variation Degrees of freedom 
Replications (R) (r-1) 2 
Clones (C) (c-1) 42 
High vs. low 1 
Among highs 21 
Among lows 20 
Error (r-1)(c-1) 84 
IVDMD, dry-matter yield, and leaf length and width. The 
following linear model as outlined by Steel and Torrie (1980) 
for a split plot in time was used: 
XijK = M + Ri + Cj + Eij + D% + Elk + (CDIjk + 
Where 
= the observation in the ith rep, on the jth clone 
and the kth determination, 
M = overall mean, 
= effect of the ith replication, i = 1,2,...,3, 
Cj = effect of the jth clone, j = 1,2,...,43, 
Ej^j = error a, 
Djç = effect of the kth determination, k = 1, 2 , . . . , 3, 
= error b. 
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(CD)jjç = effect due to interaction of the kth determina­
tion with jth clone, 
= residual error (error c). 
A general analysis of variance breakdown for the above 
model showing sources of variation and degrees of freedom is 
summarized in Table 2. Error a was used to test clones and 
its orthogonal partitions. Error b was used to test dates of 
determinations, and error c was used to test the clones x 
determinations interaction and its orthogonally partitioned 
sources of variation. 
The dry-matter yield and IVDMD data combined over dates 
of determinations over years were analyzed according to the 
model described in the preceding paragraph. The only 
difference from the preceding model was in the orthogonal 
partitioning of degrees of freedom for dates of determination 
and their interaction with clones. The determinations' 
degrees of freedom were partitioned into years and determina­
tions nested in years (D'/Y). The degrees of freedom for 
C X Y were partitioned into high vs. low x Y, among highs x 
Y, among lows x Y; and those for C x D'/Y were partitioned 
into high vs. low x D'/Y, among highs x D'/Y, and among lows 
X D'/Y, respectively. 
The summary of the analysis of data combined over 
determinations and years are presented in Table 3. 
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Table 2. Analysis of variance for data combined over dates 
of determinations of a trait within years in the 
clonal test 
Sources of variation Degrees of freedom 
Replications (R) (r-1) 2 
Clones (C) (c-1) 42 
High vs. low 1 
Among highs 21 
Among lows 20 
Error a (r-1)(c-1) 84 
Determinations (D) (d-1) 1^ 
Error b (r-1)(d-1) 2 
C X D (c-1)(d-1) 42 
High vs. low x D 1 
Among highs x D 21 
Among lows x D 20 
Error c (r-1)(c-1)(d-1) 84 
^Applicable only to IVDMD and dry-matter yield. 
Error term a was used to test clones and its orthogonal­
ly partitioned sources of variation while error b was applied 
to test dates of determination and its orthogonally parti-
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Table 3. Analysis of the variance of dry-matter yield and 
IVDMD data combined over dates of determinations 
over years in the clonal test 
Source of variation Degrees of freedom 
Replications (R) (r-•1) 2 
Clones (C) (c-•1) 42 
High vs. low (G) 1 
Among highs 21 
Among lows 20 
Error a (r-•1) (c-1) 84 
Determinations (D) (d-•1) 3 
Years (Y) (y-•1) 1 
D'3/Y y(d ['-1) 2 
Error b (r-1)(d-1) 6 
C X D (c-1)(b-1) 126 
C X Y (c-1)(y-1) 42 
G X Y (g-1)(y-i) 1 
Among highs x Y 21 
Among lows x Y 20 
C X D'/Y y(c -1)(d'-l) 84 
G X D'/Y y(g -1)(d'-l) 2 
Among highs x D'/Y 42 
Among lows x D '/Y 40 
Error c (r-1)(c-1)(d-1) 252 
^D' = Determinations within years. 
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tioned sources. Error term c was used to test clones x 
determinations interaction and its orthogonally partitioned 
sources. 
Pearson correlation coefficients were calculated on 
clone means to study the relationship between IVDMD and other 
traits. 
Derived populations 
Populations, stand densities, dates of determination, 
and years were all considered fixed sources of variation. 
The data for a single date of determination of a trait of 
derived populations were analyzed according to the following 
model for a split plot design. Plot means were analyzed for 
traits for which data were collected on individual plants. 
Xijk = M + *1 + Sj + Eij + P% + (SP)j% + E.jk 
Where 
= the observation in the ith replication, on the 
jth stand density (S) (whole plot) and the kth 
population (subplot), 
M = overall mean, 
Rj^ = effect of the ith replication, i = 1,2,...,10, 
Sj = effect of the jth stand density, j = 1,2, 
Ej^j = whole plot error (error a) , 
Pj^ = effect of the kth population, k = 1, 2 , . . . , 5, 
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Table 4. Analysis of variance for each trait in the test of 
derived populations 
Sources of variation Degrees of freedom 
Replications (R) (r-1) 9 
Stand densities (S) (s-1) 1 
Error a (r-1)(s-1) 9 
Populations (P) (p-1) 4 
S X P (s-1)(p-1) 4 
Error b s(r-l)(p-1) 72 
(SP)jj^ = effect due to interaction of the jth stand 
density with the kth population, 
E^jj^ = subplot error (error b) 
A general analysis of variance breakdown for the above 
model showing sources of variation and degrees of freedom is 
summarized in Table 4. 
Error term a was used to test stand densities effects 
while error b made up of reps x populations within stand 
densities was used to test the populations and populations x 
stand densities interaction. 
The analysis of data combined over dates of determina­
tions for a trait within years was performed by using the 
following model for a split plot design in space and time as 
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developed by Steel and Torrie (1980): 
Xijkl = M + Ri + Sj + Eij + P% + (SP)jk + + 
(SDIji + (PD)ki + (SPD)jki + Eijki 
Where 
= the observation in the ith replication of the 
jth stand density on the kth population at the 
1th date of determination, 
M = overall mean, 
Rj^ = effect of the ith replication, i = 1, 2 , . . . ,  10, 
Sj = effect of the jth stand density, j = 1,2, 
Ej^j = whole-plot error (error a) , 
Pjç = effect of the kth population, k = 1,2,...,5, 
(SP)jj^ = effect due to interaction of the jth stand 
density with the kth population, 
= sub-plot error (error b), 
= effect of the 1th determination, 1 = 1,2,...,3, 
(SD)j^ = effect due to interaction of the jth stand 
density with the 1th determination, 
(PD)ki = effect due to interaction of the kth population 
with the 1th determination, 
(SPD)j%2 = effect due to interaction of the jth population 
with the kth stand density and the 1th deter­
mination, 
Eij%2 = residual error (error c) 
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Table 5. Analysis of variance for data combined over dates 
of determinations of a trait within years in test 
of derived populations 
Source of variation Degrees of freedom 
Replications (R) (r-1) 9 
Stand density (S) (s-1) 1 
Error a (r-1)(s-1) 9 
Populations (P) (p-1) 4 
P X S (p-1)(s-1) 4 
Error b s(r-l)(p-1) 72 
Determinations (D) (d-1) 2^ 
S X D (s-1)(d-1) 2 
P X D (p-1)(d-1) 4 
P X S X D (p-1)(s-1)(d-1) 8 
Error c sp(r-l)(d-1) 180 
^Applicable only to IVDMD and dry-matter yield. 
The mean square for stand densities was tested against 
error a (reps x stand densities) whereas error b (reps x 
populations within stand densities) was used to test mean 
squares for populations and the populations x stand densities 
interaction. Dates of determinations, determinations x stand 
densities, dates of determinations x populations, and dates 
of determinations x stand densities x populations were all 
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tested against pooled error c consisting of reps x dates of 
determinations within stand densities and populations. 
A general analysis of variance breakdown for the above 
model showing sources of variation and degrees of freedom is 
summarized in Table 5. The data combined over dates of 
determination of a trait within and over years were analyzed 
according to the same model as for data combined within years 
(Table 5). The only difference was the orthogonal 
partitioning of dates of determination (D), dates of 
determination x populations, and stand densities x dates of 
determination interaction terms. The degrees of freedom for 
dates of determination and interaction of dates of 
determination with populations and stand densities were 
partitioned in a manner similar to that described for the 
clonal test in Table 3. 
The summary of the analysis of the data combined over 
dates of determination of a trait within and over years is 
presented in Table 6. 
Error term a was used to test stand density effects 
while populations and populations x stand densities interac­
tion were tested by error b. Error term c was used to test 
dates of determination, interactions of dates of deter­
mination with populations and stand densities and their 
orthogonally partitioned sources of variation. 
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Table 6. Analysis of variance for data combined over dates 
of determinations of a trait within and over years 
in the test of derived populations 
Sources of variation Degrees of freedom 
Replications (R) (r-1) 9 
Stand densities (S) (s-1) 1 
Error a (r-1)(s-1) 9 
Populations (P) (p-1) 4 
P X S (p-l)(s-1) 4 
Error b s(r-l)(p-l) 72 
Determinations (D) (d-1) 5 
Years (Y) (y-1) 1 
D'VY y(d'-i) 4 
P X D (p-l)(d-1) 20 
P X Y (p-l)(y-1) 4 
P X D'/Y y(p-l)(d'-l) 16 
S X D (s-1)(d-1) 5 
S X Y (s-1)(y-1) 1 
S X D'/Y y(s-l)(d'-l) 4 
P X S X D (p-l)(s-1)(d-1) 20 
Error c sp(r-l)(d-1)(y-1) 450 
^D' = Determinations within years. 
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RESULTS 
A summary of results obtained in the greenhouse is 
presented in Appendix, Table Al. The average IVDMDs over two 
harvests in the greenhouse were 789 and 734 g kg"^ for the 22 
high and 22 low IVDMD selections, respectively, compared with 
771 g kg~^ for the entire group of 325 plants evaluated. The 
selection differentials were 18 and 37 g kg"^ for the high 
and low selections, respectively. The ranges in average 
IVDMD were 760 to 810 and 633 to 748 g kg~^ among the high 
and low selections, respectively. 
Clonal Test 
Differences among clones 
The plants selected for high IVDMD consistently averaged 
significantly higher in IVDMD in a clonal test in the field 
than those selected for low IVDMD (Tables 7, 8, and 9). The 
high clones averaged 22 g kg"^ higher in IVDMD than the low 
clones over four harvests in two years. In the greenhouse, 
the difference between groups was 55 g kg"^. The inter­
actions of groups with harvests and years were not signifi­
cant at P=0.05 (Tables 7 and 8). Results for individual 
harvests are shown in Appendix, Table A2. Significant 
variability for IVDMD existed among clones within groups; 
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Table 7. Analyses of 
harvest in 
' variance of 
1986 and 1987 
IVDMD over dates of 
in the clonal test 
Source of 
variation 
Degrees of 
freedom 
Mean 
1986 
sauares 
1987 
Reps (R) 2 178 30922** 
Clones (C) 42 1809** 1819** 
Groups (G) 1 33487** 33511** 
Among highs 21 1363** 1079** 
Among lows 20 693** 1019** 
Error "a" 84 229 334 
Harvests (H) 1 26087** 851709** 
Error "b" 2 397 309 
C X H 42 294** 947** 
G X H 1 101 424 
Among highs x H 21 276* 1202** 
Among lows x H 20 321** 707* 
Error "c" 84 147 409 
*,**Significant at 5 and 1% probability levels, 
respectively. 
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Table 8. Analysis of variance of IVDMD over harvests and 
years in the clonal test 
Source of 
variation 
Degrees 
freedom 
of Mean squares 
Reps (R) 2 14272.8** 
Clones (C) 42 2877.9** 
Groups (G) 1 66997.6** 
Among highs 21 1329.1** 
Among lows 20 1298.2** 
Error "a" 84 303.2 
Harvests (H) 3 536747.2** 
Years (Y) 1 732445.3** 
H'S/Y 2 438898.1** 
Error "b" 6 5844 . 3 
C X H 126 663.5** 
C X Y 42 749.6** 
G X Y 1 0.1 
Among highs X Y 21 1112.6** 
Among lows X Y 20 405.9** 
C X H'/Y 84 620.6** 
G X H'/Y 2 262.2 
Among highs X H'/Y 42 739.0** 
Among lows : X H'/Y 40 513.9** 
Error "c" 252 271.9 
' = Harvests within years. 
*,**Significant at 5 and 1% levels, respectively. 
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Table 9. Average in vitro dry-matter digestibility of high 
and low IVDMD clones over harvests in 1986, 1987, 
and 1986-87 in the clonal test 
IVDMD 
Entry Clone Groupé 1986 1987 Average 
g Kg 
1 4 H 734 648 691 
2 9 H 734 638 686 
3 39 H 701 622 662 
4 47 H 737 633 685 
5 103 H 717 626 671 
6 104 H 706 649 678 
7 120 H 719 620 669 
8 134 H 719 660 690 
9 155 H 713 629 671 
10 168 H 728 619 674 
11 212 H 699 637 668 
12 213 H 725 658 692 
13 229 H 720 631 676 
14 252 H 724 636 680 
15 265 H 711 643 677 
16 278 H 695 645 670 
17 309 H 707 659 683 
18 316 H 697 642 670 
19 350 H 685 646 665 
20 355 H 741 661 701 
21 383 H 708 633 670 
22 385 H 730 659 694 
Mean of highs 716 641 678 
23 1 L 693 626 660 
24 7 L 695 625 660 
25 37 L 691 637 664 
26 72 L 681 615 648 
27 95 L 685 591 638 
28 100 L 696 626 661 
29 117 L 704 615 659 
30 133 L 689 630 659 
31 163 L 701 624 662 
and L = High and Low IVDMD clones, respectively. 
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Table 9 (continued) 
IVDMD 
Entry Clone Group® 1986 1987 Average 
g kg"l 
32 165 L 685 598 641 
33 197 L 703 633 668 
34 230 L 685 611 648 
35 247 L 693 616 655 
36 267 L 721 631 676 
37 288 L 687 596 642 
38 291 L 682 622 652 
39 324 L 700 614 657 
40 331 L 704 619 661 
41 339 L 694 615 655 
42 375 L 697 632 656 
43 391 L 671 599 635 
Mean of lows 693 618 656 
Experiment mean 705 630 668 
LSD (0.05) for ( clonal 9 11 7 
means 
C.V. (%) 1.7 3.2 2.5 
Between groups ** ** ** 
significance 
••Significant at 1% probability levels. 
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however, the differences were not consistent between harvests 
within years or between years as indicated by significant 
interactions (Tables 7 and 8). The ranges in average IVDMD 
over harvests were 662 to 701 and 635 to 676 g kg~^ among the 
high and low clones, respectively. The four harvests 
differed significantly in average IVDMD, ranging from 572 g 
kg~^ on 6 June 1987 to 715 g kg"^ on 10 July 1986. The 
average IVDMD in 1987 was 75 g kg~^ lower than that in 1986 
largely because of the low mean for the first harvest in 1987 
which included stemmy, reproductive growth. 
The high IVDMD clones averaged significantly lower in 
dry-matter yield, later in maturity, and they had shorter and 
wider leaves than the low IVDMD clones (Tables 10, 11, 12, 
13, 14, and 15). The two groups did not differ significantly 
for plant height, panicles per plant, and leaf disease rating 
(Tables 15 and 16). 
The group of low IVDMD clones yielded 6% more dry matter 
than the group of high IVDMD clones over four harvests in two 
years. The ranking of the groups in yield was consistent at 
three of the four harvests; however, it was reversed at the 
first harvest in 1987 when the two groups did not differ 
significantly in yield (Appendix Table A3). This differ­
ential response caused a significant groups x harvests 
interaction in 1987 (Table 10). Clones within groups 
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Table 10. Analyses of variance of dry matter yield over 
harvests in 1986 and 1987 in the clonal test 
Mean squares 
Source of 
variation 
Degrees 
freedom 
of 1986 1987 
Reps (R) 2 0.3 250.3 
Clones (C) 42 129.3** 1399.3** 
Groups (G) 1 444.8** 336.6 
Among highs 21 126.2** 1687.1** 
Among lows 20 116.9** 1150.2** 
Error "a" 84 21.0 267.8 
Harvests (H) 1 1734.7** 455448.1** 
Error "b" 2 0.1 96.9 
C X H 42 19.8** 879.0** 
G X H 1 26.4 1590.6** 
Among highs x H 21 20.4** 844.1** 
Among lows x H 20 18.9** 884.8** 
Error "c" 84 7.7 186.7 
*,**Significant at 5 and 1% probability levels, 
respectively. 
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Table 11. Analysis of variance of dry-matter yield over 
harvests and years, 1986-87 in clonal test 
Source of Degrees of Mean squares 
variation freedom 
Reps (R) 2 127.9 
Clones (C) 42 868.8** 
Groups (G) 1 777.6* 
Among highs 21 1088.7** 
Among lows 20 642.5** 
Error "a" 84 148.8 
Harvests (H) 3 283222.0** 
Years (Y) 1 392483.3** 
H'^/Y 2 228591.4** 
Error "b" 6 73.2 
C X H 126 519.6** 
H X Y 42 659.8* 
G X Y 1 3.8 
Among highs X Y 21 724.6** 
Among lows x 
C X H'/Y 
Y 20 624.5** 
84 449.6* 
G X H'/Y 2 768.0** 
Among highs X H'/Y 42 432.3** 
Among lows x H'/Y 40 451.8** 
Error "c" 252 112 . 2 
' = Harvests within years. 
*,**Significant at 5 and 1% probability levels, 
respectively. 
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Table 12. Average dry matter yield over dates of harvest in 
1986, 1987 and over years, 1986-87 in clonal test 
Drv matter vield Heading 
Entry Clone Group® 1986 1987 1986-87 date in 
May '87^ 
g plant""^ 
1 4 H 10.5 69.3 39.9 18.3 
2 9 H 11.0 74.2 42.6 14 . 0 
3 39 H 11.3 75.2 43.3 16.7 
4 47 H 18.0 87.8 52.9 16.3 
5 103 H 9.3 66.2 37.8 17.3 
6 104 H 4.3 43.3 23.8 18.0 
7 120 H 10.7 66.2 38.4 17. 0 
8 134 H 13.3 73.0 43.2 20.0 
9 155 H 18.5 71.5 45.0 14.7 
10 168 H 14.2 89.2 51.7 22.0 
11 212 H 8.7 59.7 34.2 18.7 
12 213 H 12.5 76.8 44.7 18.0 
13 229 H 8.3 76.3 42.3 14.0 
14 252 H 13.8 42.2 28.0 17.0 
15 265 H 7.2 89.5 48.3 18.0 
16 278 H 13.5 67.0 40.3 18.0 
17 309 H 9.7 23.5 16.6 20.7 
18 316 H 17.2 86.2 51.7 20.3 
19 350 H 10.3 52.3 31.3 16.0 
20 355 H 14.3 57.0 35.7 17.0 
21 383 H 25.5 84.8 55.2 17. 0 
22 385 H 16.3 64.5 40.4 17.7 
Mean of highs 12.7 68.0 40.3 17.6 
23 1 L 17.2 81.7 49.4 18.0 
24 7 L 24.3 83.7 54.0 18.0 
25 37 L 15.7 68.5 42.1 19.7 
26 72 L 22.0 57.5 39.8 16.7 
27 95 L 11.0 48.2 29.6 14.7 
28 100 L 15.5 66.2 40.8 19.3 
29 117 L 11.7 83.7 47.7 18.3 
30 133 L 13.0 67.5 40.3 19.7 
and L = = High and Low IVDMD clones. respectively 
Recorded when three or more panicles were out of boot. 
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Table 12 (continued) 
Dry matter yield Heading 
Entry Clone Group® 1986 1987 1986-87 date in 
May '87" 
g plant"^ 
31 163 L 11.3 79.8 45.6 18.7 
32 165 L 19.0 64.3 41.7 16. 3 
33 197 L 11.7 77.3 44.5 19.7 
34 230 L 19.5 66.7 43.1 17.0 
35 247 L 11.7 71.8 41.8 17.7 
36 267 L 16.5 79.7 48.1 15.0 
37 288 L 6.8 59.0 32.9 10. 0 
38 291 L 17.2 57.0 37.1 14.0 
39 324 L 12.2 99.5 55.8 17.3 
40 331 L 10.8 58.8 34.8 16.3 
41 339 L 21.7 64.7 43.2 16.7 
42 375 L 15.7 47.0 31.3 19.3 
43 391 L 16.7 93.2 54.9 17. 3 
Mean of lows 15.3 70.3 42.8 17.1 
Experiment mean 13.9 69.1 41.5 17.4 
LSD (0.05) for clonal 2.6 13.4 5.0 1.7 
means 
C.V. (%) 19.9 19.9 25.5 6.0 
Between groups ** NS * * 
significance 
*,**Significant at 1 and 5% probability levels, 
respectively. 
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differed significantly in total yield each year and over 
years (Tables 10, 11, and 12). Significant interactions of 
clones within groups by harvests within years and by years 
indicated that relative yields varied to some extent with 
date of harvest. Average annual yield of dry matter ranged 
from 16.6 to 55.2 and from 29.6 to 55.8 g plant"^ among the 
high and low IVDMD clones, respectively. 
The high IVDMD clones averaged a half day later in 
heading than the low IVDMD clones (Table 12). Clones within 
groups differed significantly in heading date (Table 15). 
The ranges in heading date were from 14.0 to 22.0 and from 
10.0 to 19.7 May 1987 among the high and low IVDMD clones, 
respectively (Table 12). 
Leaves of the high IVDMD clones averaged 3.1 cm shorter 
and 0.3 mm wider than those of low IVDMD clones (Table 14). 
Inconsistent ranking of the groups for leaf length at three 
dates of determination caused a significant groups by 
determinations interaction (Table 13 and Appendix Table A4). 
The difference between groups in leaf length was not sig­
nificant in May. Group ranking for leaf width was consistent 
at the three dates with no interaction of groups by deter­
minations (Table 13 and Appendix Table A5). Differences 
among clones within groups were significant for both leaf 
length and width; however, the differences were inconsistent 
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Table 13. Analyses of variance of leaf length and leaf 
width over dates of determination in clonal test 
Mean squares 
Source of 
variation 
Degrees of 
freedom 
Leaf length Leaf width 
Reps (R) 2 116.7** 0.006 
Clones (C) 42 124.7** 0.033** 
Groups (G) 1 975.8** 0.080** 
Among highs 21 95.1** 0.028** 
Among lows 20 113.3** 0.035** 
Error "a" 84 16.5 0.004 
Determinations (D) 2 3418.8** 1.303** 
Error "b" 4 68.3 0.009 
C X D 84 45.0** 0. 013** 
G X D 2 378.0** 0.010 
Among highs x D 42 41.6** 0.015** 
Among lows x D 40 32.0** 0.012** 
Error "c" 168 12.6 0. 005 
••Significant at 1% probability levels. 
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Table 14. Average leaf length and width of high and low 
IVDMD clones over dates of determination in 
the clonal test 
Entry Clone Group® Leaf length Leaf width 
—cm—— —mm 
1 4 H 32.3 7.6 
2 9 H 30.2 6.9 
3 39 H 36.3 6.7 
4 47 H 39.6 7.4 
5 103 H 31.2 7.9 
6 104 H 32.3 7.2 
7 120 H 37.0 7.8 
8 134 H 35.5 7.8 
9 155 H 32.6 7.3 
10 168 H 38.4 7.2 
11 212 H 32.0 6.7 
12 213 H 34.6 7.0 
13 229 H 31.3 7.7 
14 252 H 28.6 7.6 
15 265 H 39.0 7.3 
16 278 H 33.2 9.0 
17 309 H 30.4 6.9 
18 316 H 38.0 7.9 
19 350 H 32.6 7.7 
20 355 H 35.9 8.1 
21 383 H 38.7 6.9 
22 385 H 36.2 6.7 
Mean of highs 34.4 7.4 
23 1 L 37.2 6.7 
24 7 L 42.8 6. 6 
25 37 L 33.1 6.9 
26 72 L 35.7 5.7 
27 95 L 33.5 6.8 
28 100 L 35.6 7.3 
29 117 L 41.2 7.6 
30 133 L 39.5 7.9 
31 163 L 42.8 8.2 
32 165 L 41.0 6.9 
and L = High and Low IVDMD clones, respectively. 
Table 14 (continued) 
Entry Clone Group® Leaf length Leaf width 
———cm—— —mm— 
33 197 L 33.5 7.8 
34 230 L 35.3 7.3 
35 247 L 36.2 5.9 
36 267 L 37.0 7.8 
37 288 L 30.5 7.2 
38 291 L 40.3 7.6 
39 324 L 39.1 7.0 
40 331 L 35.7 7.3 
41 339 L 40.0 6.9 
42 375 L 35.4 7.3 
43 391 L 42.8 7.1 
Mean of lows 37.5 7.1 
Experiment mean 35.9 7.3 
LSD (0.05) for clonal 1.9 0.3 
means 
C.V. (%) 10.4 9.6 
Between groups ** ** 
significance 
••Significant at 1% probability levels. 
among dates of determination as indicated by significant 
interaction of clones within groups by determinations (Table 
13). The ranges in average leaf length over determinations 
were 28.6 to 39.6 and 30.5 to 42.8 cm for high and low IVDMD 
clones, respectively (Table 14). Corresponding ranges for 
leaf width were 6.7 to 9.0 and 5.7 to 8.2 mm. 
Although the groups of high and low IVDMD clones did not 
differ significantly for plant height, panicle number, and 
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Table 15. Analyses of variance of plant height, panicle 
number, leaf disease rating, and heading date in 
the clonal test 
Mean squares 
Source of Degrees of Plant Panicle Leaf Head-
variation freedom height number disease ing 
rating^ date 
Reps (R) 2 62 .24 29, .60 1, .91** 0, .56 
Clones (C) 42 216, .47** 2149, .38** 3, .20** 13, .94* 
Groups (G) 1 9, .54 36, .80 0, .40 6. ,49* 
Among highs 21 105. 94** 1999. 31** 3. 36** 12. ,20*: 
Among lows 20 342. ,86** 2412. ,59** 3. , 18** 16. , 15*: 
Error 84 30. ,49 276. 06 0. 31 1. 08 
^Disease rating, l=least 5=most disease injury. 
*,**Significant at 5 and 1% levels, respectively. 
leaf disease rating, there were significant differences among 
clones within groups for each trait (Table 15). Ranges among 
high and low IVDMD clones were respectively 85.0 to 110.0 and 
60.0 to 110.3 cm for plant height, 25.7 to 121.7 and 15.0 to 
132.7 for panicles per plant, and 1.7 to 3.8 and 1.7 to 3.7 
for leaf disease rating (Table 16). 
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Table 16. Plant height, panicle number, and leaf disease 
rating of high and low IVDMD clones in the 
clonal test 
Plant Panicle Leaf disease 
height number rating 
4 June 2 June 12 September 
Entry Clone Group® 1987 1987 1986° 
——cm— 
1 4 H 99.3 86.0 2.5 
2 9 H 104.3 115.3 2.8 
3 39 H 98.0 105.3 3.0 
4 47 H 104.7 83.0 2 . 0 
5 103 H 107.0 67.3 2 . 8 
6 104 H 94.0 33.0 3.8 
7 120 H 109.0 70.0 2.8 
8 134 H 97.7 68.3 2.8 
9 155 H 94.0 121.7 2.3 
10 168 H 91.7 120.3 2.3 
11 212 H • 99.0 84.0 3 . 3 
12 213 H 97.3 77.3 2.2 
13 229 H 110.0 75.3 2.7 
14 252 H 93.0 60. 0 2.3 
15 265 H 93.7 94.3 2.7 
16 278 H 97.7 58.7 3.5 
17 309 H 85.0 25.7 3.5 
18 316 H 100.3 37.7 3 . 0 
19 350 H 100.0 71.7 3.7 
20 355 H 97.0 71.7 3.0 
21 383 H 100.3 84.3 1.7 
22 385 H 103.0 58.7 2.5 
Mean Of highs 98.9 75.9 2.8 
23 1 L 102.0 103.3 2.3 
24 7 L 99.7 100.7 1.8 
25 37 L 104.7 82.3 1.8 
26 72 L 87.7 20.0 1.7 
27 95 L 98.3 71.3 3.0 
28 100 L 93.3 85.0 2.3 
29 117 L 100.7 89.0 1.8 
and L = High and Low IVDMD clones, respectively. 
Rated on the scale of 1 = least 5 = most disease. 
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Table 16 (continued) 
Entry Clone Groupé 
Plant 
height 
4 June 
1987 
Panicle 
number 
2 June 
1987 
Leaf disease 
rating 
12 September 
1986^ 
—cm— 
30 133 L 60.0 70.3 3.7 
31 163 L 110.3 61.3 2.5 
32 165 L 100.3 78.0 1.8 
33 197 L 102.3 76.7 2.7 
34 230 L 96.7 54.0 2.3 
35 247 L 99.3 101.7 2.0 
36 267 L 106.0 69.7 2.2 
37 288 L 86.3 83.7 3.0 
38 291 L 103.0 30.7 2.2 
39 324 L 104.0 132.7 2.3 
40 331 L 97.0 78.0 2.5 
41 339 L 106.7 65.3 2.5 
42 375 L 98.0 15.0 2.3 
43 391 L 109.3 102.7 3.0 
Mean of lows 98.4 74.8 2.4 
Experiment mean 98.6 75.4 2.6 
LSD (0. 05) for clonal 9.0 26.9 0.9 
means 
C.V. (%) 5.6 22.0 16.3 
Between groups 
significance NS NS NS 
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Interharvest and Intercharacter Correlations 
Correlations between IVDMDs of different harvests 
Phenotypic correlations between IVDMDs of different 
harvests were generally positive and significant for all 43 
clones, but only 4 of 12 were significant for the high and 
low groups (Table 17). The higher correlations for all 43 
clones reflect the consistent superiority of the high group 
in IVDMD and the lower correlations within groups reflect the 
presence of interaction between clones within groups and 
harvests. Correlations between leafy vegetative harvests 
(both harvests in 1986 and second harvest in 1987) were 
usually significant and ranged from 0.37 to 0.74. The lowest 
correlations involved the first harvest in 1987 when dif­
ferences in heading date and panicle number were factors in 
variation among clones in IVDMD (Table 19). Average 1986 
IVDMD was correlated significantly with average 1987 IVDMD 
for all 43 clones (r=0.59) and for the group of low IVDMD 
clones (r=0.53) but not for the group of high IVDMD selec­
tions (r=0.09). 
Correlations between IVDMD and drv-matter vield 
In vitro dry-matter digestibility was not correlated 
with yield in 1986 (Table 18). Significant negative 
Table 17. Phenotypic correlation coefficients between IVDMD's of different 
harvests for of different harvests for all 43 clones and the high and 
low IVDMD clones 
Harvest 2 3 4 5 6 7 
All 43 clones 
1. First 1986 0.74** 0.30* 0.71** 0.92** 0.58** 0.84** 
2. Second 1986 0.22 0.70** 0.95** 0.52** 0.82** 
3. First 1987 0.33* 0.28 0.87** 0.64** 
4. Second 1987 0.75** 0.75** 0.84** 
5. Average 1986 0.59** 0.89** 
6. Average 1987 0.89** 
7. Average 1986-87 
Hiah IVDMD clones 
1. First 1986 0.71** -0.15 0.37 0.89** 0.06 0.68** 
2. Second 1986 -0.14 0.44* 0.95** 0.10 0.74** 
3. First 1987 —0. 06 -0.15 0.86** 0.44** 
4. Second 1987 0.44* 0.45* 0.60** 
5. Average 1986 0.09 0.77** 
6. Average 1987 0.70** 
7. Average 1986-87 
Low IVDMD clones 
1. First 1986 0.38 0.29 0.56** 0.78** 0.51* 0.72** 
2. Second 1986 0.13 0.59** 0.88** 0.40 0.70** 
3. First 1987 0.20 0.24 0.88** 0.67** 
4. Second 1987 0.70** 0.65** 0.76** 
5. Average 1986 0.53** 0.85** 
6. Average 1987 0.90** 
7. Average 1986-87 
*,** Significant at 5 and 1% levels, respectively. 
Table 18. Phenotypic correlation coefficients between IVDMD and dry-matter yield 
for all 43 clones and the high and low IVDMD clones 
IVDMD Dry-matter yield 
1986 1987 Avcf. 1986 Ava. 1987 Average 
Harvest 
1 2 
Harvest 
1 2 
All 43 Clones 
First 1986 -0.25 -0.13 0.21 -0.31** -0.19 0.08 0.02 
Second 1986 -0.30* —0.06 0.26 -0.36** -0.17 0.10 0.05 
First 1987 0.07 -0.10 -0.33* -0.10 -0.03 -0.31* -0.28 
Second 1987 -0.29 -0.27 0.22 -0.37** -0.29 0.07 -0.01 
Avg. 1986 -0.30 1 o
 
H
 
O
 
0.25 -0.37** -0.19 0.10 0.04 
Avg. 1987 -0.11 -0.21 
H
 
H
 
O
 1 -0.27 -0.17 -0.18 -0.20 
Average -0.23 -0.17 0.08 -0.35** -0.21 i o
 
o
 1 o
 
o
 
vo
 
Hiah IVDMD clones 
First 1986 -0.03 0.34 0.32 -0.07 0.20 0.24 0.26 
Second 1986 -0.17 0.27 0.22 -0.20 0.09 0.12 0.13 
First 1987 0. 02 -0.19 -0.60** 0.02 -0.11 -0.49* -0.45* 
Second 1987 0.02 0.02 0.12 -0.04 0.02 0.08 0.08 
Avg. 1986 -0 .12 0. 32 0 .28 -0. 16 0. 15 0. 18 0. 20 
Avg. 1987 0. 03 -0. 16 -0 .48* -0. 01 -0. ,09 -0. 39 -0. 36 
Average -0. 07 0. 13 -0 .10 -0. 12 0. ,05 -0. 12 -0. 09 
Low IVDMD clones 
First 1986 -0. 23 -0. 25 0 .12 -0. 11 -0. 26 0. ,07 -0. ,01 
Second 1986 -0. 26 -0. 04 0 .37 -0. 18 -0. 15 0. 28 0. 22 
First 1987 0. 40 0. 34 —0 .09 0. 16 0. 39 -0. 04 0. 08 
Second 1987 -0. 40 -0. 22 0 .45* -0. 33 -0. 32 0. 31 0. 19 
Avg. 1986 -0. 29 -0, .16 0 .31 -0. 18 -0, .23 0. 23 0. 15 
Avg. 1987 0. 12 0, .15 0 .15 -0. 04 0, .15 0. 12 0. 16 
Average -0. 08 0, .02 0 .26 -0. 12 -0, .03 0, .20 0. 18 
*,** significant at 5 and 1% probability levels, respectively. 
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correlations were obtained between IVDMD and dry-matter yield 
at both harvests in 1987 for all 43 clones and at the first 
harvest in 1987 for the high IVDMD clones (Table 18). 
Average IVDMD over harvests within or over years was never 
significantly correlated with corresponding averages for 
yield. 
Correlations between traits at first harvest in 1987 
Percentage IVDMD at the first harvest in 1987 was 
negatively correlated with yield and panicle number, and 
positively correlated with heading date for all 43 clones and 
the group of high IVDMD clones (Table 19). These significant 
correlations indicate a tendency for high IVDMD at that 
harvest to be associated with low yield, late heading and 
relatively few stems. Within the group of low IVDMD clones, 
IVDMD was correlated significantly with only heading date. 
No significant correlations were obtained between IVDMD and 
plant height, and leaf length and width. 
Yield at the first harvest in 1987 always showed a 
strong positive correlation with panicle number (r=0.71 to 
0.73) (Table 19). It was also positively correlated with 
plant height in all instances. Long leaves showed a 
consistent tendency to be associated with late heading 
(r = 0.44 to 0.65). 
Table 19. Phenotypic correlation coefficients between traits determined at or 
prior to the first harvest in 1987 for all 43 clones and the high 
and low IVDMD clones 
Trait 2 3 4 5 6 7 
All 43 clones 
0.52** -0.19 
0.09 0.43** 
-0.17 
1. IVDMD -0.33* 
2. Yield 
3. Heading date May 
4. Plant height 
5. Panicle number 
6. Leaf width May 
7. Leaf length May 
1. IVDMD -0.60** 
2. Yield 
3. Heading date May 
4. Plant height 
5. Panicle number 
6. Leaf width May 
7. Leaf length May 
•0.46** 
0.72** 
•0.11 
0.15 
0.01 
0.19 
-0.13 
0.12 
0.04 
High IVDMD clones 
0.48* -0.34 -0.70** 
-0.15 0.43* 0.71** 
-0.54** -0.34 
0.12 
-0.25 
0.12 
-0.31 
0.32 
0.09 
0 . 2 2  
0.28  
0.54** 
0.09 
0.09 
0.31* 
0.23 
•0.01 
0.65** 
-0.27 
-0.12 
0.22 
Low IVDMD clones 
1. IVDMD 
2. Yield 
3. Heading date May 
4. Plant height 
5. Panicle number 
6. Leaf width May 
7. Leaf length May 
-0.09 0.60** 
0.33 
-0.17 -0.32 
0.46* 0.73** 
0.00 0.08 
0.17 
0.09 0.17 
0.26 0.57** 
-0.03 0.44* 
0.01 0.27 
-0.01 0.25 
0.37 
*,**Significant at 5 and 1% probability levels, respectively. 
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Correlations between IVDMD and leaf length and width in 1987 
Correlations between IVDMD and leaf length and width are 
shown in Table 20. For all 43 selections, first harvest 
IVDMD was not correlated with any of three determinations of 
leaf width; however, second harvest IVDMD was positively 
correlated (r=0.45) with leaf width measured in May. When 
calculated on average IVDMD and leaf width, the correlation 
coefficient was significant at the 6% probability level 
(r=0.28). Leaf length in July and August was negatively 
correlated with second harvest IVDMD but only leaf length in 
August was correlated with first harvest IVDMD. A sig­
nificant negative correlation of -0.33 was obtained between 
average IVDMD and average leaf length. 
Within the high and low IVDMD groups, only two corre­
lations were significant. Surprisingly, for the high IVDMD 
clones, second harvest IVDMD was negatively correlated 
(r=-0.42) with leaf width in July. For the low IVDMD clones, 
second harvest IVDMD was positively correlated with leaf 
width in May (r=0.52). 
Correlations between determinations of leaf length and width 
Correlations between determinations of leaf length and 
width in 1987 are presented in Tables 21 and 22. The corre­
lations between different dates of determination for leaf 
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Table 20. Phenotypic correlation coefficients between IVDMD 
and leaf length and width for all 43 clones and 
the high and low IVDMD clones in 1987 
Trait 
IVDMD 1987 
6 June 7 July Average 
All 43 clones 
Leaf width May 0.01 0.45** 0.24 
Leaf width July 0.26 -0.04 0. 16 
Leaf width August 0.13 0.27 0.23 
Average leaf width 0.16 0.34* 0.28 
Leaf length May 0.22 0.07 0. 19 
Leaf length July -0.17 -0.42** -0.34* 
Leaf length August -0.41** -0.31* -0.45** 
Average leaf length -0.23 -0.34* -0.33* 
Hiah IVDMD clones 
Leaf width May -0.25 0.32 -0.06 
Leaf width July 0.31 -0.42* 0. 06 
Leaf width August 0.08 0.16 0.15 
Average leaf width 0.01 0.09 0. 05 
Leaf length May 0.23 -0.18 0.11 
Leaf length July 0.01 -0.20 -0.09 
Leaf length August -0.34 0.14 -0.23 
Average leaf length -0.11 -0.08 -0.13 
*,**Significant 
respectively. 
at 1 and 5% probability levels, 
Table 20 (continued) 
IVDMD 1987 
Trait 6 June 7 July Average 
Low IVDMD clones 
Leaf width May 0.09 0.52* 0.33 
Leaf width July 0.19 0.15 0.22 
Leaf width August -0.02 0.17 0.07 
Average leaf width 0.12 0.40 0.29 
Leaf length May 0.17 0.18 0.22 
Leaf length July -0.01 -0.19 -0.10 
Leaf length August -0.11 0.01 -0.08 
Average leaf length 0.01 -0.03 -0.01 
width were usually positive but of low predictive value 
(Table 21). Five of 9 correlations were significant and 
ranged from r = 0.41 to r = 0.55. Only the correlations 
between July and August determinations of leaf length were 
significant (Table 22). Those r-values ranged from o.68 to 
0.74. 
Table 21. Phenotypic correlations between determinations of leaf width in the 
clonal test 
All 43 clones 
Determination 
High IVDMD clones Low IVDMD clone 
1. 30 May '87 0.24 
2. 6 July '87 
3. 5 Aug. '87 
4. Average 
0.41** 0.81** -0.04 
0.45** 0.69** 
0.77** 
0.46* 0.77** 0.48* 0.28 0.83** 
0.35 0.52** 0.55** 0.83** 
0.83** 0.69** 
*,**Significant at 5 and 1% probability levels, respectively. 
Table 22. Phenotypic correlations between determinations of leaf length in the 
clonal test 
Determination 
All 43 clones High IVDMD clones Low IVDMD clone 
1. 30 May '87 0.15 
2. 6 July '87 
3. 5 Aug. '87 
4. Average 
0.05 0.39** 0.11 
0.76** 0.91** 
0.89** 
-0.03 0.35 
0 . 6 8 * *  0 . 8 8 * *  
0 . 8 6 * *  
0.29 0.29 0.60** 
0.74** 0.89** 
0 . 8 8 * *  
*,**Significant at 5 and 1% probability levels, respectively. 
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Derived Populations 
The average performance of maternal parents of the four 
derived populations is shown in Table 23. 
Response to selection for IVDMD 
Significant responses were obtained from one cycle of 
selection in the greenhouse for both high and low IVDMD 
(Table 24 and Fig. 1). The responses were usually consistent 
across stand densities, harvests, and years (Tables 25 and 
26). The only significant interaction was with stand 
densities in 1987 (Table 25). The lack of significant 
interactions of populations with stand densities and harvests 
within and over years in the analysis of variance of data 
combined over years (Table 26) indicates that the relative 
IVDMD of the five populations was stable across a range of 
environments. Averaged over six harvests in two years, the 
High and Low Cycle-1 populations were respectively 15 and 8 g 
kg~^ higher and lower in IVDMD than the base population 79-
OGP-DT. Responses to further selection on the basis of 
clonal performance in the field were usually less than those 
from greenhouse selection and frequently not significant. 
The High-5 population was significantly higher in IVDMD than 
the High Cycle-l population only at the first harvest in 
1987, and the Low-5 population was significantly lower than 
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Table 23. Average performance 
derived populations 
of maternal parents of four 
Trait Parents of 
High-5 High Cycle-1 Low Cycle-1 Low-5 
IVDMD (g kg"l) 
Greenhouse, 1986 
Field, 1986-87 
784 
691 
789 
678 
734 
656 
738 
641 
Dry-matter yield 
Field, 1986-87 
(g plant"^) 
42.3 40.3 42.8 39.8 
Heading date 
May, 1987 
16.7 17.6 17.1 15.0 
Plant height 
(cm) 
101.7 98.9 98.4 96.4 
Panicle number 82.9 75.9 74.8 71.1 
Disease rating^ 2.6 2.8 2.4 2.5 
Leaf length (cm) 34.8 34.4 37.5 36.7 
Leaf width (mm) 7.2 7.4 7.1 6.7 
®Rated on the scale of 1 = least and 5 = most disease 
injury. 
the low Cycle-1 population only at the first and the second 
harvests in 1988 (Appendix Tables A6 and A7). Averaged over 
harvests and years, a significant response to further 
selection in the field was obtained for low but not for high 
IVDMD (Table 24). 
720 
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690 — 
680 — 
670 — 
660 — 
650 
IVDMD 
T LSD (0.05) = 4.0 
00 
tn 
Low-5 Low Cycle-1 79-OGP-DT High Cycle-1 
Population 
High-5 
Figure 1. In vitro dry-matter digestibility of derived 
populations over six harvests in two years 
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Table 24. Mean IVDMD over harvests in 1987, 1988 and 
over years in the test of derived populations 
IVDMD 
Population 1987 1988 Average 
g 
High-5 728 675 701 
High cycle-1 724 675 700 
79-OGP-DT 708 661 685 
Low cycle-1 698 655 677 
Low-5 697 647 672 
Experiment mean 711 663 687 
LSD (0.05) 4 6 4 
C.V. (%) 1.7 2.6 2.2 
Table 25. Analyses of variance of IVDMD over harvests in 
1987 and 1988 in test of derived populations 
Mean squares 
Source of Degrees of 1987 1988 
variation freedom 
Reps (R) 9 314** 1564** 
Stand density (S) 1 43985** 13991** 
Error "a" 9 112 534 
Populations (P) 4 12249** 9319** 
P X S 4 332* 76 
Error "b" 72 128 246 
Harvests (H) 2 63878** 143224** 
P X H 8 144 154 
S X H 2 2333** 19001** 
P X S X H 8 171 467 
Error "c" 180 138 289 
*,**Significant at 1 and 5% probability levels, 
respectively. 
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Table 26. Analysis of variance of IVDMD over years in test 
of derived populations 
Source of 
variation 
Degrees 
freedom 
of Mean squares 
Reps (R) 9 682** 
Stand density (S) 1 4181** 
Error "a" 9 220 
Populations (P) 4 21110** 
P X S 4 107 
Error "b" 72 232 
Harvests (H) 5 153374** 
Years (Y) 1 352666** 
H'B/Y 4 103551** 
P X H 20 211 
P X Y 4 459 
P X H'/Y 16 150 
S X H 5 19293** 
S X Y 1 53795** 
S X H'/Y 4 10667** 
P X S X H 20 315 
Error "c 450 226 
®H' = Harvests 
**Significant 
within years, 
at 1% probability levels. 
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Table 27. Stand density effects on IVDMD of derived popula­
tions 
Year Spaced Dense LSD C.V. 
plants stand (0.05) (%) 
———-g kg — 
1987 
Avg. 3 harvests 723 699 3 1.7 
1988 
Avg. 3 harvests 656 669 6 2.6 
1987-88 
Avg. 6 harvests 689 684 3 2.2 
The main effects of stand densities, years, and harvests 
within years were all significant at the 1% probability 
level. Stand density effects on IVDMD were significant at 
each harvest (Appendix Table A8). Spaced plants had higher 
IVDMD values than dense stands at four of five harvests at 
the vegetative growth stage. These effects were reversed 
when the populations were harvested at the reproductive 
growth stage. At the first harvest in 1988, when spaced 
plants had a much higher number of panicles per plant than 
plants in the dense stands (66.6 vs. 5.1), the dense stands 
were 44 g kg~^ higher in I"DMD than the spaced plants 
(Appendix Table A8). The presence of stemmy growth probably 
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was the main factor in the lower IVDMD of that harvest 
compared with the other five. Although the second harvest in 
1988 was mainly vegetative, some stemmy growth was observed 
on spaced plants that probably reduced their IVDMD compared 
with the dense stands. 
Correlated responses to selection for IVDMD in derived 
populations 
No correlated responses in dry-matter yield were 
obtained from selection for IVDMD (Tables 28 to 32). Data 
from each harvest in 1987 and 1988 on plant and land area 
bases are presented in Appendix, Tables A9 to A12. On a 
plant basis in 1987, the populations differed significantly 
at the first and third harvests but not at the second 
harvest. In 1988, the populations differed significantly 
only at the third harvest. Results on land area basis were 
similar with significant differences only at the first and 
third harvests in 1987. Averaged over harvests within and 
over years, the populations did not differ in dry-matter 
yield on either basis (Tables 31 and 32). Interactions of 
populations with stand densities were not significant (Tables 
28 to 30). For yield on a plant basis, the interaction of 
populations with harvests was significant in 1987 but not in 
1988 and over years. No interactions involving populations 
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Table 28. Analyses of variance of dry-matter yield on a 
plant basis over harvests in 1987 and 1988 in 
the test of derived populations 
Mean souares 
Sources of 
variation 
Degrees of 
freedom 
1987 1988 
Reps (R) 9 23.40** 149.89** 
Stand density (S) 1 2445.87** 114994.51** 
Error "a" 9 10.44 132.55 
Populations (P) 4 8.14 57.25 
P X S 4 2.86 57.33 
Error "b" 72 4.67 51.95 
Harvests (H) 2 286.22** 23749.04** 
P X H 8 7.17** 16.04 
S X H 2 214.72** 18801.05** 
P X S X H 8 5.19** 17.52 
Error "c" 180 1.82 22.83 
••Significant at 1% probability levels. 
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Table 29. Analyses of variance for dry-matter yield on a 
land area basis over harvests in 1987 and 1988 in 
the test of derived populations 
Mean souares 
Source of 
variation 
Degrees of 
freedom 
1987 1988 
Reps (R) 9 434096.07** 786911.33** 
Stand density (S) 1 107607477.30** 7714470.59** 
Error "a" 9 166312.09 429694.68 
Populations (P) 4 205675.15 190534.41 
P X S 4 96714.57 232741.56 
Error "b" 72 141717.36 293221.31 
Harvests (H) 2 1557236.60** 11389642.00** 
P X H 8 121779.74 83241.85 
S X H 2 80121.77 11711600.00** 
P X S X H 8 80973.35 139701.53 
Error "c" 180 73563.63 87892.21 
••Significant at 1% probability levels. 
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Table 30. Analyses of variance of dry-matter yield on 
plant and land area bases over years in the 
test of derived populations 
Source of Degrees of Mean squares 
variation freedom Plant Land area 
basis basis 
Reps (R) 9 78. 66** 706046. 34** 
Stand density (S) 1 75477. 62** 28848915. 37** 
Error "a" 9 64. 94 422264. 93 
Populations (P) 4 31. 45 148773. 34 
P X S 4 38. 58 297572. 80 
Error "b" 72 34. 05 251421. 88 
Harvest (H) 5 18227. 21** 6821800. 40** 
Years (Y) 1 43086. 73** 110182707. 97** 
H'B/Y 4 12012. 33** 12012. 33 
P X H 20 24. 21 131495. 89 
P X Y 4 42. 46* 247436. 24 
P X H'/Y 16 19. 65 102510. 80 
S X H 5 15990. 38** 2201129. 40** 
S X Y 1 41939. 28** 86473032. 52** 
S X H'/Y 4 9503. 16** 5895860. 90** 
P X S X H 20 22. 42 94646. 60 
Error "c" 450 16. 16 107719. 09 
^H' = Harvests within years. 
*,**Significant at 5 and 1% probability levels, 
respectively. 
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Table 31. Average dry-matter yield on a plant basis over 
harvests in 1987, 1988 and over years in the test 
of derived populations 
Drv-matter yield 
Population 1987 1988 Average 
g plant~^ 
High-5 6.8 24.0 15. 6 
High Cycle-1 7.0 22.8 14.9 
79-OGP-DT 6.3 24.9 15. 7 
Low Cycle-1 7.0 22.6 15.3 
Low—5 6.3 23.9 14.4 
Experiment mean 6.7 23.6 15.2 
Significance of difference NS NS NS 
C.V. (%) 20.1 20.2 26.5 
Table 32. Average dry-matter yield on a land area basis 
over harvests in 1987, 1988 and over years 
in the test of derived populations 
Dry-matter vield 
Population 1987 1988 Average 
kg ha~^ 
High-5 1044.2 1969.8 1506.9 
High Cycle-1 1119.3 1860.5 1489.9 
79-OGP-DT 982.6 1952.3 1467.4 
Low Cycle-1 1114.7 1944.2 1529.4 
Low-5 1028.6 1848.1 1438.3 
Experiment mean 1057.9 1914.9 1486.4 
Significance of difference NS NS NS 
C.V. (%) 25.6 15.5 22.1 
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were significant for yield on a land area basis. 
The main effects of stand densities, years, and harvests 
within years were all significant (Tables 28 to 30). 
Averaged within and over years, spaced plants yielded 
significantly more dry matter than dense stands on a plant 
basis (Table 33). On a land area basis in 1987 and over 
years, dense stands produced significantly more yield than 
spaced plants; however, in 1988 this effect was reversed, and 
spaced plants yielded more than dense stands (Table 33). 
When yields were combined over years, spaced plants produced 
22.4 g per plant more and 439 kg ha"^ less dry-matter than 
dense stands on plant basis and on land area basis, 
respectively (Table 33). 
Correlated responses were obtained in leaf length and 
width from selection for IVDMD. Both low IVDMD populations 
consistently had narrower leaves than the base population and 
both high IVDMD populations (Tables 34, 35, A13, and Fig. 2). 
Changes in leaf width from selection for high IVDMD were 
usually not significant. Changes in leaf length were 
inconsistent at the two dates of determinations, with almost 
a complete reversal of population rankings from June to 
October (Tables 34 and A13). When data from both dates were 
averaged, only High Cycle-1 population had significantly 
shorter leaves (6% probability level) than Low Cycle-1 
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Table 33. Stand density effects on dry-matter yield of 
derived populations 
Date of harvest 
1987 1988 Average 
Per plant basis (g plant 
Spaced plants 9.6 43.2 26.4 
Dense stand 3.9 4.1 4.0 
Mean 6.8 23.7 15.2 
LSD (0.05) 0.8 3.0 1.5 
C.V. (%) 6.7 20.2 26.5 
Land area basis (kg ha~^) 
Spaced plants 459 2075 1267 
Dense stand 1656 1754 1705 
Mean 1057 1915 1446 
LSD (0.05) 106 171 119 
C.V. (%) 25.6 15.5 22.1 
Table 34. Analyses of variance of leaf width and length 
over dates of determination in 1988 
Source of Degrees of Mean squares 
variation freedom Leaf width Leaf length 
Reps (R) 9 1.13** 24.91** 
Stand densities (S) 1 124.14** 0.44 
Error "a" 9 0.44 13.15 
Populations (P) 4 1.82** 8.13 + 
P X S 4 0.25 0.28 
Error "b" 72 0.23 3.45 
Determinations (D) 1 71.70** 1475.60** 
P X D 4 0.36* 20.66** 
S X D 1 0.04 131.46** 
P X S X D 8 0.24 1.45 
Error "c" 180 0.13 4.32 
+,*,**Significant at 6, 5, and 1% levels, respectively. 
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Figure 2. Leaf width of derived populations over 
dates of determinations 
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Table 35. Average leaf length and width over dates of 
determination in the test of derived populations 
Population Leaf length Leaf width 
Spaced Dense Avg. Spaced Dense Avg. 
plants stand plants stand 
High-5 
High Cycle-1 
79-OGP-DT 
Low Cycle-1 
Low-5 
Mean 
LSD (0.05) 
C.V. (%) 
cm— 
27.3 27.4 
26.8 26.8 
27.4 27.6 
27.9 27.8 
26.7 27.0 
27.2 27.3 
27.4 8.4 
26.8 8.2 
27.5 8.2 
27.9 8.0 
26.9 7.7 
27.3 8.1 
1.1 
7.6 
mm 
6.7 7.6 
6.6 7.4 
6.6 7.4 
6.3 7.2 
6.4 7.1 
6.5 7.3 
0.1 
4.9 
Table 36. Analyses of variance of plant height and heading 
date of spaced plants of derived populations 
Mean squares 
Source of Degrees of Plant height Heading date 
variation freedom 
Reps (R) 9 18.42** 29.21** 
Populations (P) 4 1.56 2.62 
Error 36 1.45 2.25 
**Significant at 1% probability levels. 
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Table 37. Analysis of variance for panicle number in the 
test of derived populations 
Source of 
variation 
Degrees of 
freedom 
Mean squares 
Reps (R) 9 144.25** 
Stand densities (S) 1 94673.14** 
Error "a" 9 89.10 
Populations (P) 4 38.20 
P X S 4 9.53 
Error "b" 9 53.52 
**Significant at 1% probability levels. 
Table 38. Average plant height, heading date, and panicle 
number in the test of derived populations 
Population Plant height Heading date Panicles 
May, 1988® per plant 
—cm— 
High-5 77.68 18.57 35.02 
High Cycle-1 75.68 19.56 34.35 
79-OGP-DT 78.35 18.81 35.32 
Low Cycle-1 77.13 19.24 37.26 
Low-5 77.15 18.28 37.42 
Experiment mean 77.20 18.89 35.87 
Significance of NS NS NS 
difference 
C.V. (%) 3.90 7.90 20.40 
^Recorded when three or more panicles were out of boot. 
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population (Table 35). The main effect of stand density on 
leaf length was not significant; however, it was significant 
for leaf width (Table 34). Leaves on spaced plants averaged 
1.6 mm wider than those in dense stands (Table 35). 
No correlated responses were obtained for heading date, 
plant height, and panicle number (Tables 36, 37 and 38) 
suggesting that selection for IVDMD does not change these 
traits. Number of panicles per plant was much greater in 
spaced plants than dense stands. 
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DISCUSSION 
The primary goal of this research was to determine 
field responses to individual plant selection for high and 
low in vitro dry-matter digestibility (IVDMD) in the green­
house. Several studies have been conducted to improve the 
digestibility of orchardgrass but none of them has developed 
a cultivar from direct selection for this trait. Selection 
of orchardgrass genotypes for higher IVDMD in the field could 
be confounded with the differences in disease incidence. In 
those conditions, greenhouse screening of individual plants 
would provide more controlled conditions than in the field. 
High and low IVDMD clones were identified successfully in 
the greenhouse. Selected clones were tested further in the 
clonal test in the field. Significant differences between 
and within groups (high and low IVDMD) of selections were 
found. High IVDMD clones consistently averaged significantly 
higher in IVDMD than low IVDMD clones. These findings agree 
with previous reports by Christie and Mowat (1968); Helsel 
(1973); Julen and Lager (1966); Stratton et al., (1979); and 
Frandsen (1986), who also found that genetic variability does 
exist among orchardgrass genotypes for IVDMD. Results from 
the clonal test indicated that selection in the greenhouse 
was effective in terms of field performance. 
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In vitro dry-matter digestibility data from the clonal 
test were analyzed over harvests and years. The main effects 
of harvests and years were significant; however, the interac­
tion of groups with harvests and years were not significant. 
The lack of interaction of groups with harvests and years 
indicates that the two groups of selections were stable in 
their performance over a range of environments. These 
results make the breeding for higher IVDMD simpler in that 
clones once identified for their higher IVDMD will maintain 
their advantage over a range of environments. 
Four populations—High-5, High Cycle-1, Low-5, and Low 
Cycle-1—were derived from polycross progenies of 22 high and 
21 of 22 low IVDMD clones to determine bidirectional selec­
tion responses in the field from both greenhouse and field 
selection. Response to selection as defined by the Falconer 
(1981) is the difference between the mean phenotypic value of 
the offspring of selected parents and the whole parental 
generation before selection. Additive genetic variation and 
the ability to identify superior genotypes are required to 
obtain responses to selection for any trait. For IVDMD, 
Christie and Mowat (1968) obtained a broad-sense heritability 
of 0.73, and Cooper et al. (1962) reported a narrow sense 
heritability of 0.53 in orchardgrass. These heritability 
estimates suggest that IVDMD of orchardgrass is under genetic 
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control, most probably of additive genetic nature, and 
response to selection is expected. 
Greenhouse selection was an effective procedure for 
changing the mean IVDMD of the base population. Significant 
direct responses were obtained for both high and low IVDMD in 
each of two years. These results are encouraging and 
indicate that greenhouse screening would identify parents 
that have potential of producing higher IVDMD progenies in 
the field. 
Responses to further selection among high and low IVDMD 
clones in the field were inconsistent and usually not 
significant at individual harvests. Averaged over harvests 
and years, a significant response was obtained from further 
selection for low but not for high IVDMD. The change in 
IVDMD from further selection among low IVDMD clones was 5 g 
kg~^ compared with a 8 g kg~^ change from selection in the 
greenhouse. Several factors could be involved in the lack of 
or reduced response to further selection in the field 
compared with greenhouse selection. One factor is parental 
control on only the female side in formation of the High-5 
and Low-5 populations. Male parentage of these populations 
included both selected and unselected clones. Expected gain 
when only female parentage is controlled is one half that 
expected when both male and female parentage is controlled 
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(Falconer, 1981) by intercrossing selected clones in isola­
tion. A second factor is the reduced phenotypic variation 
among the 22 high and 22 low IVDMD clones, respectively, 
compared with the 325 plants evaluated in the greenhouse. 
Each group of clones was already highly selected. Selection 
intensity was less in the field than in the greenhouse with 
the proportion selected being 7 and 23% in the greenhouse and 
field, respectively. Selection differentials in formation of 
the High-5 and Low-5 populations were respectively 13 and 15 
g kg~^ IVDMD compared with 18 and 37 g kg~^ in formation of 
the High and Low Cycle-1 populations, respectively. A factor 
in the complete lack of response to further selection among 
the high IVDMD clones could have been the larger interactions 
of clones with years and harvests within years for that 
group. Significant responses to selection in the field were 
obtained by Collins and Drolsom (1982) and Casier and Ehlke 
(1986) for high and low IVDMD in smooth bromegrass. 
The interaction of populations with stand densities for 
IVDMD was not significant at each of six harvests and in the 
analysis of data combined over harvests and years. These 
non-significant interactions indicated that the five popula­
tions performed similarly at both stand densities. These 
results suggest that selection among spaced, individual 
plants would be effective in terms of performance in dense 
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stands. Frandsen (1986) also found significant positive 
correlations between IVDMD estimates on spaced and drilled 
plots of orchardgrass. However, contrasting results were 
obtained by Mason (1975) who found poor correlations between 
spaced and solid seeded plots for IVDMD in orchardgrass, 
suggesting that plants selected in a space-planted nursery 
may not perform similarly when grown in dense stands. 
Bidirectional selection responses in IVDMD were similar 
in the different harvests and years as indicated by lack of 
significant interactions of populations with harvests and 
years. This indicates that differences among populations 
were not affected by environmental variation from harvest to 
harvest and year to year. This lack of population by 
environment interaction makes the improvement of IVDMD 
simpler in that improvements will be maintained in different 
environments. The consistency in IVDMD of derived popula­
tions at both vegetative and reproductive stages indicates 
that gains should be realized for orchardgrass grown as a hay 
crop or used for pasture. 
The question could be asked as to why there are the dif­
ferences in digestibility among orchardgrass genotypes. 
Studies have shown that variation in cell-wall components 
such as cellulose, hemicellulose, and lignin are the primary 
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sources of variation in digestibility. Stratton et al. 
(1979) noted that IVDMD was negatively correlated with NDF 
suggesting that selection for higher IVDMD reduces NDF. 
Frandsen and Fritsen (1982) compared the digestibility of 
orchardgrass with other perennial grasses. They found that 
the lower digestibility of orchardgrass was associated with 
higher NDF and lignin content. Buxton (1989b) also found 
that lower IVDMD of Orion orchardgrass in comparison to 
Napier orchardgrass was associated with higher lignin 
concentration. In smooth bromegrass, Ehlke et al. (1986), 
Casier (1987), and Collins and Drolsom (1982) found that 
higher IVDMD in smooth bromegrass was due to a lower 
concentration of cellulose and lignin. Lignin was the most 
important factor. 
In breeding for higher digestibility, it is important to 
assess correlated responses because they could be detrimental 
or useful. If correlated responses are detrimental, breeders 
must attempt to avoid undesirable changes in other traits. If 
correlated responses are useful, correlated traits could be 
used as selection criteria. In the clonal test, bidirec­
tional selection for IVDMD resulted in significant changes in 
dry-matter yield, heading date, and leaf length and width. 
High IVDMD clones averaged significantly lower in yield than 
low IVDMD clones over harvests and years. Carlson (1974) and 
106 
Mason and Shenk (1976) also found negative associations 
between IVDMD and yield in orchardgrass. Christensen et al. 
(1984) found a negative correlated change in forage yield 
from selection for higher IVDMD in reed canarygrass. These 
results indicate that selection for higher digestibility may 
reduce dry-matter yield. Correlated responses for dry-matter 
yield also were investigated in the derived populations. 
Derived populations did not differ in dry-matter yield when 
the data were analyzed over harvests and years. Thus, 
results from the derived populations did not agree with those 
from the clonal test. Low heritability of yield and small 
differences among parental groups are possible explanations 
for the disagreement between the two tests. Helsel (1973) 
also reported low correlations between IVDMD and yield in 
orchardgrass. Karn and Berdahl (1984) reported low and 
variable correlations between IVDMD and yield in crested 
wheatgrass. Ehlke et al. (1983) and Casier and Ehlke (1986) 
reported unchanged forage yield with improved IVDMD from one 
cycle of phenotypic selection in smooth bromegrass. Results 
from the test of derived populations are encouraging, 
suggesting that IVDMD of orchardgrass could be improved 
without sacrificing dry-matter yield. 
As groups, high and low IVDMD clones did not differ 
significantly in leaf disease rating. Similar results were 
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found by Gross et al. (1975) who reported that low levels of 
leaf disease infection in bromegrass did not have a large 
effect on IVDMD. Results from the clonal test indicated that 
higher IVDMD plants are not necessarily more vulnerable to 
diseases that may reduce the quality of orchardgrass plants. 
Not all breeders have access to laboratory facilities 
for quality evaluation; therefore, useful correlated 
responses indicate traits that could be used as selection 
aids for higher digestibility. With this in mind, leaf 
length and width were studied. In the clonal test, 
significant differences were found between the groups of high 
and low IVDMD clones for leaf length and width. Averaged 
over three determinations, high IVDMD clones had signifi­
cantly wider leaves than low IVDMD clones. Results from the 
test of derived populations generally agreed with results 
from the clonal test in that high IVDMD populations had 
significantly wider leaves than low IVDMD populations but 
they were not different from the base population. Helsel 
(1973) also found a positive relationship between leaf width 
and IVDMD in orchardgrass. Sleper and Drolsom (1974) 
reported high positive correlations between digestibility and 
leaf width in bromegrass. These results indicate that 
breeders could use leaf width as a preliminary screen for 
higher IVDMD. Significant correlated responses also were 
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obtained for leaf length. In the clonal test, high IVDMD 
clones had significantly shorter leaves than low IVDMD 
clones. The results from spaced plants of the derived 
populations generally agreed with those from the clonal test 
in that higher IVDMD plants had shorter leaves than low IVDMD 
plants. However, leaf length of derived populations was not 
consistent from one determination to the next; in fact, 
sometimes the effects were completely reversed. These 
results indicate that leaf length was influenced largely by 
variation in environment. Contrasting results were obtained 
by Helsel (1973) who found that high IVDMD was positively 
correlated with leaf length. 
Plant height is a major component of dry-matter yield. 
Therefore, it was of interest in this study to determine if 
plant height changes with changes in IVDMD. No significant 
differences were found between the groups of high and low 
IVDMD clones for this trait in the clonal test. Derived 
populations also did not differ in plant height. These 
results are in agreement with those of Coulman and Knowles 
(1974) who also did not find correlated responses in plant 
height after selection for higher IVDMD in crested wheat-
grass. In contrast, Helsel (1973) reported a negative 
association between plant height and IVDMD in orchardgrass. 
Results from plant height were in agreement with those for 
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yield of the derived populations. 
It was of interest in this study to determine whether 
heading date changes with selection for IVDMD because 
differences in IVDMD are frequently associated with dif­
ferences in maturity. When clones or populations are 
harvested simultaneously, as was done in this study, the 
later maturing material is usually higher in IVDMD. In the 
clonal test, high IVDMD was associated with late heading. In 
the test of derived populations, however, the populations did 
not differ significantly in heading date in spite of a range 
of 2.6 days in average heading date of parents of the 
populations. Thus, differences among populations in IVDMD 
could not be attributed to differences in maturity. Helsel 
(1973) also succeeded in identifying orchardgrass clones with 
desired maturity and favorable levels of digestibility. 
Julen and Lager (1966) found a low correlation between 
earliness and digestibility, indicating that lateness does 
not constitute a serious obstacle in selecting for higher 
digestibility. Frandsen (1986) reported that the relation­
ship between earliness and digestibility was not so marked in 
orchardgrass to preclude selection of plant types of 
different maturity or growth type with higher digestibility. 
Results from derived populations suggested that plants 
selected for higher IVDMD will not be delayed in heading, 
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which is frequently associated with low seed production. 
Panicle number may be a major factor in yield of spring 
growth of orchardgrass harvested after heading. Plants with 
a large number of panicles and associated stemmy growth are 
expected to be lower in IVDMD than plants that have fewer 
panicles. This is because panicles and stemmy growth are 
less digestible than leafy vegetative parts of the plants. 
No significant correlated responses were found for panicle 
number of either the clones or derived populations. However, 
negative phenotypic correlations were obtained between 
panicle number and IVDMD of the clones, but these correla­
tions were not high enough to be carried out in progenies. 
Phenotypic correlations between panicle number and IVDMD in 
the clonal test are in agreement with those of Helsel (1973) 
and Carlson (1974) who also found negative correlations 
between panicle number and IVDMD in orchardgrass. The 
results from the test of derived populations suggest that 
selection for higher IVDMD in orchardgrass does not change 
panicle number. 
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GENERAL SUMMARY 
Effectiveness of greenhouse selection for nutritive 
value traits has not been evaluated in many forage grass 
species. The main purpose of this research was to determine 
field responses to individual plant selection in the 
greenhouse for high and low in vitro dry-matter digestibility 
(IVDMD). Three hundred and twenty five individual plants 
from a broad-based germplasm source (Iowa 79-OGP-DT) were 
evaluated. Based on two vegetative harvests, 22 plants were 
selected for high and 22 for low IVDMD. These forty four 
selections were evaluated clonally in the field. In addition 
to IVDMD, changes in morphological and physiological traits 
were studied. 
Over four harvests in two years, clones selected for high 
IVDMD consistently averaged significantly higher in IVDMD 
than those selected for low IVDMD. Significant variability 
in IVDMD also existed within the groups of high and low IVDMD 
selections. Correlated changes were found in dry-matter 
yield, maturity, and leaf length and width in the clonal 
test. The high IVDMD selections averaged significantly lower 
in dry-matter yield, half a day later in maturity, and they 
had shorter and wider leaves than low IVDMD selections. The 
two groups did not differ significantly for plant height, 
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panicle number, and leaf disease incidence. Phenotypic 
correlation coefficients, although of low predictive value in 
most instances, indicated negative associations between IVDMD 
and panicle number and positive associations between IVDMD 
and heading date. Correlations between IVDMDs of different 
harvests were positive and usually significant for all clones 
with the highest correlations (r = 0.70 to 0.74) between 
harvests of leafy vegetative growth. Results from the clonal 
test indicated that selection for higher IVDMD would reduce 
dry-matter yield, delay heading, increase leaf width, and 
decrease leaf length with no changes in plant height, panicle 
number, and leaf disease incidence. 
The groups of high and low IVDMD clones were inter­
crossed separately in the greenhouse to form populations for 
studying direct and correlated responses to selection. Four 
populations—High-5, High Cycle-1, Low Cycle-1, and Low-5— 
were formed from polycross progenies of the clones. High 
Cycle-1 and Low Cycle-1 populations were formed from 
progenies of the 22 high and 21 for 22 low IVDMD selections, 
respectively. High-5 and Low-5 populations were formed from 
progenies of the five clones highest and lowest in IVDMD in 
the field, respectively. 
Significant responses were obtained from one cycle of 
selection in the greenhouse for both high and low IVDMD. The 
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High and Low Cycle-1 populations consistently averaged sig­
nificantly higher and lower in IVDMD, respectively, than the 
base population. Responses to further selection on the basis 
of clonal performance in the field were inconsistent among 
harvests. Averaged over harvests and years, a significant 
response to further selection in the field was obtained for 
low but not for high IVDMD. 
Derived populations did not show correlated responses 
for dry-matter yield, plant height, panicle number, and 
heading date, indicating that IVDMD can be improved without 
changing those traits. Populations did show correlated 
responses in leaf length and width. Averaged over determi­
nations, High-5 and High Cycle-1 populations had sig­
nificantly wider leaves than Low Cycle-1 and Low-5 
populations. Differences in leaf length were inconsistent 
between June and October 1987. High Cycle-1 had 
significantly shorter leaves than Low Cycle-1 over dates of 
determination. Selection for wide leaves may be useful in 
preliminary screening of large populations for higher IVDMD. 
In vitro dry-matter digestibility was affected by stand 
density. At vegetative growth stages, spaced plants usually 
had significantly higher IVDMD than a dense stand but this 
effect was reversed when plants were harvested at the 
reproductive growth stage. 
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Populations by stand densities interactions for IVDMD 
were almost always nonsignificant, indicating that the 
populations performed relatively the same when grown as 
spaced plants and in dense stands. Interactions of popula­
tions by harvests and years for IVDMD also were not 
significant, indicating that the five populations performed 
similarly in a range of environments. 
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Table Al. In vitro dry matter digestibility in the 
greenhouse for 22 high and 22 low IVDMD selections 
compared with the population mean 
Harvest date in 1986 
Entry Clone Group® 16 January 11 February Avg. 
g kg"l 
1 4 H 777 759 768 
2 9 H 769 751 760 
3 39 H 783 801 792 
4 47 H 778 799 788 
5 103 H 803 763 783 
6 104 H 797 780 788 
7 120 H 790 770 780 
8 134 H 805 783 794 
9 155 H 790 783 786 
10 168 H 798 764 781 
11 212 H 796 766 781 
12 213 H 809 762 785 
13 229 H 816 786 801 
14 252 H 794 797 795 
15 265 H 791 785 788 
16 278 H 801 786 794 
17 309 H 783 805 794 
18 316 H 800 781 790 
19 350 H 829 790 810 
20 355 H 802 790 795 
21 383 H 823 766 795 
22 385 H 809 812 810 
Mean of highs 797 781 789 
23 1 L 755 714 734 
24 7 L 743 721 732 
25 37 L 758 707 733 
26 72 L 746 731 738 
27 95 L 754 726 740 
28 100 L 760 721 740 
29 117 L 739 732 736 
30 133 L 760 723 742 
31 163 L 753 733 743 
32 165 L 764 723 743 
®H and L = High and Low IVDMD clones, respectively. 
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Table Al (continued) 
Entry Clone Group® 
Harvest date 
16 January 
in 1986 
11 February Avg. 
„ 
—g Kg 
33 181 L 763 698 731 
34 197 L 766 726 746 
35 230 L 755 740 747 
36 247 L 749 742 746 
37 267 L 739 756 748 
38 288 L 734 740 737 
39 291 L 727 746 737 
40 324 L 773 708 740 
41 331 L 749 718 733 
42 339 L 755 737 746 
43 375 L 764 501 633 
44 391 L 758 709 734 
Mean of lows 753 716 734 
Population mean (325 plants) 792 750 771 
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Table A2. In vitro dry-matter digestibility of high and low 
IVDMD clones at each harvest in 1986 and 1987 in 
clonal test 
IVDMD 
1986 1987 
Entry Clone Groupé 10 July 12 Aug. 6 June 7 July 
g kg"l 
1 4 H 742 726 589 707 
2 9 H 743 724 559 717 
3 39 H 715 688 559 686 
4 47 H 731 744 555 712 
5 103 H 722 712 572 680 
6 104 H 718 695 599 699 
7 120 H 730 708 561 678 
8 134 H 729 710 615 705 
9 155 H 736 691 554 703 
10 168 H 738 719 558 680 
11 212 H 711 687 574 700 
12 213 H 725 725 607 710 
13 229 H 729 712 564 699 
14 252 H 726 722 560 711 
15 265 H 719 702 566 719 
16 278 H 715 676 583 707 
17 309 H 714 701 636 682 
18 316 H 721 674 603 682 
19 350 H 692 678 601 691 
20 355 H 749 733 599 722 
21 383 H 715 701 572 695 
22 385 H 742 718 616 701 
Mean of highs 725 707 582 699 
23 1 L 707 680 578 674 
24 7 L 701 689 577 674 
25 37 L 697 684 579 695 
26 72 L 699 663 571 658 
27 95 L 701 669 526 656 
28 100 L 702 689 593 659 
29 117 L 705 703 544 686 
30 133 L 717 660 583 677 
31 163 L 714 687 563 684 
and L = High and Low IVDMD clones, respectively. 
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Table A2 (continued) 
IVDMD 
1986 1987 
Entry Clone Groupé 10 July 12 Aug. 6 June 7 July 
g kg"l y js.y 
32 165 L 685 685 537 659 
33 197 L 704 702 571 695 
34 230 L 698 671 554 659 
35 247 L 693 694 554 677 
36 267 L 732 711 571 691 
37 288 L 699 676 527 666 
38 291 L 695 669 574 669 
39 324 L 709 691 555 674 
40 331 L 724 684 545 693 
41 339 L 701 687 557 673 
42 375 L 710 685 593 671 
43 391 L 688 653 535 664 
Mean of lows • 704 683 562 674 
Experiment mean 715 695 572 687 
LSD (0.05) for ( clonal 9 13 19 11 
means 
C.V. (%) 1.5 2.3 . 4.1 2.0 
Between groups ** ** ** ** 
significance 
••Significant at 1% probability levels. 
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Table A3. Dry-matter yield of high and low IVDMD clones at 
each harvest in 1986 and 1987 in clonal test 
Dry-matter yield 
1986 1987 
Entry Clone Groupé 10 July 12 Aug. 6 June 7 July 
g plant"! 
1 4 H 5.7 15.3 124.0 14.7 
2 9 H 8.7 13.3 137.3 11. 0 
3 39 H 11.0 11.7 125.7 24.7 
4 47 H 12.7 23.3 146.0 29.7 
5 103 H 6.0 12.7 114.0 18.3 
6 104 H 4.3 4.3 70.0 16.7 
7 120 H 8.0 13.3 110.3 22.0 
8 134 H 12.7 14.0 117.7 28.3 
9 155 H 14.3 22.7 121.3 21.7 
10 168 H 10.3 18.0 153.3 25.0 
11 212 H 8.0 9.3 100.0 19.3 
12 213 H 10.7 14.3 124.0 29.7 
13 229 H 5.3 11.3 129.0 23.7 
14 252 H 9.7 18.0 77.7 6.7 
15 265 H 7.0 7.3 140.3 38.7 
16 278 H 15.3 11.7 111.7 22 . 3 
17 309 H 8.3 11.0 37.7 9.3 
18 316 H 13.7 20.7 124.7 47.7 
19 350 H 9.7 11.0 84.7 20.0 
20 355 H 10.7 18.0 87.7 26.3 
21 383 H 22.0 29.0 131.0 38.7 
22 385 H 14.3 18.3 104.0 25.0 
Mean of highs 10.4 14.9 112.4 23.6 
23 1 L 14.0 20.3 130.3 33 . 0 
24 7 L 19.7 29.0 118.7 48.7 
25 37 L 10.0 21.3 118.0 19.0 
26 72 L 17.7 26.3 79.3 35.7 
27 95 L 7.7 14.3 76.7 19.7 
28 100 L 14.7 16.3 103.3 29.0 
29 117 L 7.3 16.0 139.0 28. 3 
30 133 L 14.0 12.0 93.0 42.0 
31 163 L 9.7 13.0 132.0 27.7 
32 165 L 17.3 20.7 96.3 32 . 3 
and L = High and Low IVDMD clones, respectively. 
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Table A3 (continued) 
Drv-matter yield 
1986 1987 
Entry Clone Group® 10 July 12 Aug. 6 June 7 July 
g plant"! 
33 197 L 9.7 13.7 132.7 22.0 
34 230 L 14.0 25.0 99.7 33.7 
35 247 L 7.0 16.3 113.3 30.3 
36 267 L 12.0 21.0 127.3 32.0 
37 288 L 6.7 7.0 87.7 30.3 
38 291 L 14.0 20.3 83.0 31.0 
39 324 L 8.0 16.3 157.0 42.0 
40 331 L 8.3 13.3 101.3 16.3 
41 339 L 20.0 23.3 96.3 33.0 
42 375 L 13.7 17.7 70.3 23.7 
43 391 L 14.3 19.0 150.7 35.7 
Mean of lows 12.4 18.2 109.8 30.7 
Experiment mean 11.4 16.5 111.1 27.1 
LSD (0.05) for clonal 2.5 3.6 33.6 4.2 
means 
C.V. (%) . 26.5 26.8 18.7 18.8 
Betw 3en groups ** ** NS ** 
significance 
••Significant at 1% probability levels. 
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Table A4. Leaf length of high and low IVDMD clones at each 
date of determination in the clonal test 
Leaf Length 1987 
Entry Clone Group® 30 May 6 July 5 August 
cm 
1 4 H 33.3 29.9 33.6 
2 9 H 30.2 23.1 37.2 
3 39 H 28.3 36.0 44.5 
4 47 H 33.6 40.6 44.4 
5 103 H 31.2 28.7 33.6 
6 104 H 32.5 30.0 34.3 
7 120 H 35.5 34.1 41.5 
8 134 H 32.3 34.2 40.0 
9 155 H 30.7 29.3 37.9 
10 168 H 40.2 33.4 41.7 
11 212 H 31.0 26.0 39.1 
12 213 H 31.9 33.4 38.6 
13 229 H 27.0 28.8 38.1 
14 252 H 28.7 26.6 30.7 
15 265 H 30.2 35.3 51.6 
16 278 H 35.7 29.6 34.3 
17 309 H 34.8 28.2 28.2 
18 316 H 34.3 38.4 41.2 
19 350 H 29.5 31.7 36.6 
20 355 H 36.8 29.7 41.1 
21 383 H 29.6 . 41.4 45.1 
22 385 H 32.1 35.1 41.3 
Mean of highs 32.2 32.0 38.8 
23 1 L 29.5 36.3 45.8 
24 7 L 30.6 45.5 52.2 
25 37 L 29.2 29.2 40.9 
26 72 L 30.8 34.7 41.6 
27 95 L 22.2 31.7 46.7 
28 100 L 34.8 31.0 41.1 
29 117 L 31.4 39.4 52.7 
30 133 L 31.8 43.0 43.8 
31 163 L 35.2 40.4 52.8 
32 165 L 32.3 43.6 47.1 
and L = High and Low IVDMD clones, respectively. 
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Table A4 (continued) 
Leaf Length 1987 
Entry Clone Group® 30 May 6 July 5 August 
cm 
33 197 L 31.8 28.5 40.1 
34 230 L 32.2 33.0 40.7 
35 247 L 32.8 34.4 41.5 
36 267 L 32.2 35.6 43.1 
37 288 L 24.5 31.5 35.4 
38 291 L 31.0 41.8 48.0 
39 324 L 36.2 35.1 45.9 
40 331 L 33.8 31.6 41.7 
41 339 L 34.0 38.1 47.9 
42 375 L 29.0 35.6 41.6 
43 391 L 37.8 42.0 48.7 
Mean of lows 31.6 36.3 44.7 
Experiment mean 31.9 34.1 41.7 
LSD (0.05) for clonal 4.0 3.4 3.7 
means 
C.V. (%) 7.8 11.3 11.0 
Between groups NS ** ** 
significance 
••Significant at 1% probability levels. 
133 
Table A5. Leaf width of high and low IVDMD clones at each 
date of determination in clonal test 
Leaf width 1987 
Entry Clone Groupé 30 May 6 July 5 August 
1 4 H 9.7 6.3 6.7 
2 9 H 9.7 5.0 6.0 
3 39 H 7.7 5.7 6.7 
4 47 H 9.3 6.0 7.0 
5 103 H 9.3 7.0 7.3 
6 104 H 8.0 7.0 6.7 
7 120 H 9.0 7.7 6.7 
8 134 H 8.7 7.0 7.7 
9 155 H 8.7 6.3 7.0 
10 168 H 8.3 7.0 6.3 
11 212 H 8.0 5.7 6.3 
12 213 H 7.7 6.7 6.7 
13 229 H 9.7 6.0 7.3 
14 252 H 8.7 6.3 7.7 
15 265 H 8.0 7.0 7.0 
16 278 H 10.7 7.7 8.7 
17 309 H 7.7 7.0 6.0 
18 316 H 8.3 7.0 8.3 
19 350 H 8.7 7.0 7.3 
20 355 H 10.3 6.0 8.0 
21 383 H 7.0 6.7 7.0 
22 385 H 7.0 6.3 6.7 
Mean of highs 8.6 6.6 7.0 
23 1 L 7.3 6.3 6.3 
24 7 L 7.0 5.7 7.0 
25 37 L 7.3 6.3 7.0 
26 72 L 6.7 5.0 5.3 
27 95 L 6.7 6.3 7.3 
28 100 L 8.7 7.0 6.3 
29 117 L 8.3 7.0 7.3 
30 133 L 9.0 7.7 7.0 
31 163 L 9.3 8.3 7.0 
32 165 L 7.7 6.3 6.7 
and L = High and Low IVDMD clones, respectively. 
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Table A5 (continued) 
Leaf width 1987 
Entry Clone Groupé 30 May 6 July 5 August 
mm 
33 197 L 9.3 6.7 7.3 
34 230 L 7.3 7.0 7.7 
35 247 L 6.7 5.3 5.7 
36 267 L 10.0 6.3 7.0 
37 288 L 8.7 6.0 7.0 
38 291 L 8.7 6.7 7.3 
39 324 L 8.7 5.7 6.7 
40 331 L 9.7 6.0 6.3 
41 339 L 8.0 6.3 6.3 
42 375 L 8.3 6.7 7.0 
43 391 L 8.3 6.7 6.3 
Mean of lows 00
 
to
 
6.4 6.8 
Experiment mean 
00 If) vo 6.9 
LSD (0.05) for clonal 0.6 1.2 0.5 
means 
C.V. (%) 9.0 o H H o C
O 
Between groups ** NS * 
significance 
*,**Significant at 5 and 1% probability levels, 
respectively. 
Table A6. In vitro dry-matter digestibility at each harvest of derived popula­
tions in 1987 
IVDMD in 1987 
14 July 12 August 1 September 
Spaced Dense Avg. Spaced Dense Avg. Spaced Dense Avg. 
Population plants stand plants stand plants stand 
g kg ^ 
High-5 747 727 737 704 694 699 763 732 748 
High Cycle-1 747 713 730 701 688 695 762 735 749 
79-OGP-DT 733 695 714 690 676 683 748 707 728 
Low Cycle-1 719 691 705 675 661 668 738 705 722 
Low-5 715 687 701 680 664 672 728 711 720 
Mean 732 703 717 690 677 683 748 718 733 
LSD (0.05) 7 7 8 
C.V. (%) 1.5 1.3 1.8 
Table A7. In vitro dry-matter digestibility at each harvest of derived popula­
tions in 1988 
IVDMD in 1988 
6 June 14 July 4 October 
Population 
Spaced 
plants 
Dense 
stand 
Avg. Spaced 
plants 
Dense 
stand 
Avg. Spaced 
plants 
Dense 
stand 
Avg. 
-rr Vrf"^— g Kg —
High-5 608 662 635 676 676 676 723 704 714 
High Cycle-1 611 663 637 672 675 674 722 707 715 
79-OGP-DT 598 642 620 662 671 667 702 693 698 
Low Cycle-1 601 636 619 650 668 659 690 688 689 
Low—5 593 624 609 641 655 648 688 678 683 
Mean 602 645 624 660 669 665 705 694 700 
LSD (0.05) 10 7 12 
C.V. (%) 2.3 1.7 2.7 
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Table A8. Stand density effects on IVDMD of derived popula­
tions at each harvest in 1987 and 1988 
IVDMD 
Date and 
year of 
harvest 
Spaced 
plants 
Dense 
stand 
Average LSD 
(0.05) 
C.V. 
(%) 
—9 kg 
1987 
July 14 732 702 717 5 1.5 
August 12 689 677 683 4 1.3 
September 1 748 718 733 6 1.8 
1988 
June 6 602 646 624 8 2.3 
July 14 660 669 665 9 1.7 
October 4 705 694 700 10 2.7 
Table A9. Dry-matter yield on a plant basis at each harvest of derived 
populations in 1987 
Dry-matter yield in 1987 
14 July 12 August 1 September 
Spaced Dense Avg. Spaced Dense Avg. Spaced Dense Avg. 
Population plants stand plants stand plants stand 
g plant ^ 
High-5 6.1 3.6 4.9 9.1 3.4 6.3 14.4 4.3 9.4 
High Cycle-1 6.8 3.6 5.2 8.9 4.3 6.6 14.4 4.4 9.4 
79-OGP-DT 5.8 3.4 4.6 8.8 3.3 6.1 12.7 3.9 8.3 
Low Cycle-1 8.2 3.8 6.0 9.0 4.3 6.7 12.8 4.1 8.5 
Low-5 7.2 4.0 5.6 8.5 3.5 6.0 10.6 3.9 7.3 
Mean 6.8 3.7 5.3 8.9 3.8 6.3 13.0 4.1 8.6 
LSD (0.05) 1.0 NS 1.2 
C.V. (%) 21.1 29.6 20.3 
Table AiO. Dry-matter yield on a plant basis at each harvest of derived 
populations in 1988 
Dry-matter yield in 1988 
6 June 14 July 4 October 
Spaced Dense Avg. Spaced Dense Avg. Spaced Dense Avg. 
Population plants stand plants stand plants stand 
— 1 
-g plant 
High-5 82.7 6.0 44.4 22.1 2.7 12.4 29.0 3.9 16.5 
High Cycle-1 74.4 5.9 40.2 21.3 2.5 11.9 29.1 3.6 16.4 
79-OGP-DT 79.1 5.6 42.4 25.9 2.6 14.3 33.5 3.7 18.6 
Low Cycle-1 73.4 6.2 39.8 24.5 2.8 13.7 30.2 3.9 17.0 
Low-5 73.7 6.2 40.0 23.2 2.4 12.8 26.5 3.4 15.0 
Mean 76.7 6.0 41.4 23.4 2.6 13.0 29.7 3.7 16.7 
LSD (0.05) NS NS 2.0 
C.V. (%) 19.4 22.2 19.5 
Table All. Dry-matter yield on a land area basis at each harvest of derived 
populations in 1987 
Drv-matter yield in 1987 
14 July 12 August 1 September 
Spaced Dense Avg. Spaced Dense Avg. Spaced Dense Avg. 
Population plants stand plants stand plants stand 
kg ha~^ 
High-5 291 1560 926 437 1450 943 693 1836 1264 
High Cycle-1 327 1544 936 426 1836 1131 690 1893 1291 
79-OGP-DT 279 1477 877 423 1414 919 608 1697 1153 
Low Cycle-1 394 1634 1014 431 1860 1446 616 1754 1185 
Low-5 344 1712 1028 410 1521 966 516 1668 1092 
Mean 327 1585 956 425 1616 1021 625 1770 1197 
LSD (0.05) 153 NS 138 
C.V. (%) 18 45 18 
Table A12. Dry-matter yield on a land area basis at each harvest of 
derived populations in 1988 
Drv-matter yield in 1988 
6 June 14 Julv 4 October 
Population 
Spaced 
plants 
Dense 
stand 
Avg. Spaced 
plants 
Dense 
stand 
Avg. Spaced 
plants 
Dense 
stand 
Avg. 
M 1 
•j\g na 
High-5 3970 2567 3267 1058 1157 1108 1393 1673 1533 
High Cycle-1 3572 2557 3065 1021 1085 1053 1398 1530 1464 
79-OGP-DT 3799 2395 3097 1241 1099 1170 1607 1573 1590 
Low Cycle-1 3522 2672 3097 1178 1185 1182 1449 1659 1554 
Low Cycle-1 3536 2682 3109 1112 1033 1072 1273 1453 1363 
Mean 3680 2575 3127 1122 1112 1117 1424 1578 1501 
LSD (0.05) NS NS NS 
C.V. (%) 17 22 19 
Table A13. Leaf length and width of derived populations at each date of 
determination in 1988 
Leaf length Leaf width 
2 June 3 Oct. 2 June 3 Oct. 
Spaced Dense Avg. Spaced Dense Avg. Spaced Dense Avg. Spaced Dense Avg 
Population plants stand plants stand plants stand plants stand 
cm mm 
High-5 26.2 25.1 25.6 28.5 29.8 29.1 9.1 7.4 8.3 7.6 6.0 6.8 
High 25.3 23.9 24.6 28.2 29.7 29.0 8.9 7.0 8.0 7.5 6.1 6.8 
Cycle-1 
79-OGP-DT 25.4 23.6 24.5 29.3 31.6 30.5 8.8 7.3 8.1 7.5 5.9 6.7 
Low 25.3 23.7 24.5 30.6 31.8 31.2 8.4 6.8 7.6 7.5 5.8 6.6 
Cycle-1 
Low-5 24.3 22.6 23.5 29.0 31.3 30.2 8.1 7.0 7.6 7.2 5.8 6.5 
Mean 25.3 23.8 24.5 29.1 30.8 30.0 8.7 7.1 7.9 7.5 5.9 6.7 
LSD (0.05) 0.8 1.4 0.3 NS 
C.V. (%) 5.0 7.5 5.2 6.2 
